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most influenced by climate, while maximum live biomass stores and mortality were
mostly influenced by forest type. Live and dead biomass, NPP, and mortality were

most influenced by forest type. Decrease in NPP with age was not general across



ecoregions, with no marked decline in old stands (>200 years) in some ecoregions,
and in others, the age at which NPP declined was very high (458 years in East
Cascades, 325 in Klamath Mountains, 291 in Sierra Nevada). There is high potential
for increasing total carbon storage by increasing rotation age and reducing harvest
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maximum carbon storage by increasing rotation age.
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Climate, Management, and Forest Type Influences on Carbon Dynamics of West-
Coast US Forests



Introduction

The amount of carbon sequestered by forest ecosystems plays an important
role in regulating atmospheric levels of carbon dioxide (Dixon et al. 1994). Factors
affecting the amount and rate at which forests sequester carbon include climate,
disturbance, management, land use history, and species composition (Peet 1981,
Harcombe et al. 1990, Law et al. 2004, Krankina et al. 2005, Gough et al. 2007).
Pending and future forest management policies are attempting to reduce atmospheric
carbon dioxide levels by using current knowledge of forest carbon dynamics to
increase and maintain the storage of carbon (IPCC 2007). Thus quantifying forest
carbon pools and fluxes, as well as understanding the factors accounting for their
geographic variation, is a significant research issue. In this study we used forest
inventory data and supplementary field measurements to evaluate several components
of the carbon budget over a large forested region in the western U.S.

In this study, inventory data was used to examine patterns of NPP, mortality,
and live and dead carbon stores in different ecoregions of Oregon and Northern
California. We incorporated measurements (i.e. foliage and fine root metrics) from
supplemental field plots to augment the standard inventory plot data. We examined
differences in carbon pools and fluxes due to species composition, climate,
disturbance, and management as proxied by forest type, ecoregion, stand age, and
ownership, respectively. This study compliments studies by Hicke et al., (In Press)
and Van Tuyl et al., (2005) by including additional carbon pools and fluxes (dead
wood and shrub biomass, NPP, and mortality), examining possible causes of variation

due to management and climate, and by further refining the estimates of carbon



stocks using supplemental data and allometrics. The objectives for examining carbon
stocks and fluxes within and among ecoregions were:
1. Identify age-related patterns of mean and maximum live biomass,
dead biomass, NPP, and mortality.
2. Determine the influence of forest type, ecoregion, and ownership
on these patterns.
3. Quantify total and potential forest carbon stocks and NPP over the

study region.



Literature Review

Net ecosystem production (NEP) is a critical flux in a carbon budget and is the
difference between the two large fluxes of photosynthesis and autotrophic plus
heterotrophic respiration. NEP can be estimated at the plot scale using a mass balance
approach (Campbell et al. 2004b), at the ecosystem scale with eddy covariance
techniques (Baldocchi et al. 2001, Law et al. 2003), and at the regional scale through
a combination of measurements and modeling (Law et al. 2006). On the plot level, a
mass balance or biometric approach to estimating NEP computes the difference
between net primary production (NPP) and heterotrophic respiration. Quantification
of NPP represents the difference between photosynthesis and autotrophic respiration.
For estimates of heterotrophic respiration, dead wood mass should be included
because it represents a large portion of the carbon stocks available for decomposition
(Brown and Schroeder 1999, Janisch and Harmon 2002). In this study, we focus on
estimating NPP and dead wood mass as well as live biomass and rates of mortality.

To produce unbiased regional estimates of carbon budget components from
plot data, the plots should be representative of all forest types, ownerships, and
climatic conditions. This can be accomplished through a probability-based design,
like that of the federal forest inventory, FIA. The FIA database, as used here, provides
measurement data and the temporal and spatial replication necessary for estimating
carbon stocks and contributing fluxes of NEP at regional scales.

The large inventory datasets allow examination of factors controlling carbon
uptake within and among areas of defined edaphoclimatic conditions. Milder climates

with mesic conditions have faster rates of biomass accumulation and decomposition
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than semi-arid to arid regions (Campbell et al. 2004b). Management and the species

present can also affect the rate of growth; managed stands are being cultivated to
optimize growth for timber production and some species are physiologically adapted
to faster growth (Lavigne and Ryan 1997). Such patterns of response can be
examined through the use of ecoregions to stratify data, because ecoregions
incorporate information on climate, physiography, soils, land use and geology
(Omernik 1987, Hargrove et al. 2003).

Of particular interest when examining inventory wide patterns in carbon pools
and flux are the age specific trends. Commonly accepted stand age related patterns of
live biomass accumulation, NPP show a stabilization or decline as stands age
(Bormann and Likens 1969, Odum 1969, Peet 1981). These patterns have mostly
been identified using a variety of small scale ecological studies which tend to select
homogeneous and unstressed stands (McCune and Menges 1986). However, because
federal inventory plots are located in all types of stands including transitional forests,
uneven-aged stands, and areas that have experienced partial disturbances, the patterns
of growth that emerge from inventory data may not be as expected. The distinction
between patterns elucidated from a sample of forest plots selected based on defined
structural criteria, and a sample of stands selected regularly from the entire population
is an important one when validating process models applied across real landscapes
(e.g. Jenkins et al. 2001). For instance, it may be best to affirm model structure by
validating output against trends quantified across idealized study plots. However,
when these same models are used to simulate processes over entire regions the

standard for validation should be the collective behavior of plots on the landscape that



include a portion (possibly a majority) of idiosyncratic points. For this reason the
patterns of production, mortality, and net carbon stocks over time identified in federal
inventory data are uniquely powerful in that they can reveal both collective trends
(i.e. average values) in addition to idealized trends (i.e. upper bounds or maximum
values).

Simultaneous examination of accumulation, growth and mortality of all
carbon pools on a landscape is important when trying to quantify and make
predictions about the amount of carbon stored in relation to the amount that could be
respired. Federal forest inventory data have been predominantly used to examine
patterns of biomass accumulation and growth summarized by political boundaries
(county or state) that can encompass several climate regimes and forest types
(Caspersen et al. 2000, Smith and Heath 2004). There have been very few studies
examining mortality and dead biomass stores on federal plots (Waddell 2002).
Typically, NPP and live biomass estimates are computed from county or state level
reports using generalized biomass expansion factors (Smith and Heath 2004), or plot
level data using generalized allometric equations (Jenkins et al. 2003, Hicke et al. In
press). Biomass expansion factors and general equations may not account for
differences in growth due to tree species, site fertility, climate, or wood densities.
Estimation of understory and downed wood carbon density has been reported, but
were calculated using FORCARB2 which extrapolates the amount of carbon in these
components from live tree biomass (Woodbury et al. 2007). To our knowledge, no
studies have used federal inventory data of individual trees, understory, and coarse

woody debris on each plot to compute biomass, NPP, and mortality.



Materials and Methods
Study Area

The ORCA project is part of the North American Carbon Program (NACP),
for which the goal is to quantify and understand the carbon balance of North
America. The study area covers the entire state of Oregon and the northern half of
California (Figure 1). The disturbance history of the region includes frequent
windthrow near the coast, relatively short harvest cycles but centuries long fire cycles
west of the Cascade crest, moderate length harvest cycles with more frequent natural
fire cycles to the drier east, and livestock grazing in the Great Basin.

The area was divided into 11 ecoregions using the U.S. EPA Level III
Omernik classification scheme (Omernik 1987). The ecoregions are classified
according to similar biotic and abiotic characteristics including dominant land cover
type, climate, soils, and topography. They encompass several cover types such as
chaparral, juniper woodlands, coastal Douglas-fir and hemlock, and true fir alpine
forests. Approximately 50 percent of this area is forested land, with 57 percent under
public ownership and 44 percent under private ownership (Table 1). There is a steep
west to east climatic gradient with annual precipitation ranging from 2510 mm in the
Coast Range to 120 mm in the Central Basin.

Data were used from several different inventories collected by federal and
state agencies and our field crews. Within plots, allometric calculations were made
for each individual tree, shrub, and woody detritus record and summations were made
to obtain plot total live and dead biomass carbon estimates per unit ground area and

an NPP and mortality estimate per unit ground area per year. Total biomass, NPP, and



mortality estimates for each ecoregion, state, and the total ORCA study area were
obtained as the product of forested area using land cover data from Advanced Very
High Resolution Radiometer (AVHRR) composite images recorded during the 1991
growing season (USDA Forest Service 2002) and mean values across all plots within
the relevant area. The same procedure was used with GIS ownership coverages (from
USGS National Land Cover Data, 1992) to isolate patterns by public and private
ownerships.
FIA Database

The federal inventory program (FIA, Forest Inventory and Analysis) has
undergone recent changes in sampling protocols starting in 2001. Historically, states
were measured in subsections with a complete inventory of the states completed
within 10-12 years (referred to as periodic inventories). The last complete inventory
(1991-1999) in Oregon and California is summarized in a database made available
from the PNW-FIA regional office known as the Integrated Database v2.0 or IDB
(Waddell and Hiserote 2005). Under a more recent protocol (annual inventory),
portions of each subsection are completed each year with a complete inventory
expected by 2010. We chose to use the periodic data as it is the most recent complete
cycle and thus more representative of the study region. Our results thus approximate
conditions in the mid 1990s.

We evaluated all periodic inventory plots (14,188 plots with live tree data and
12,380 plots with woody detritus and understory data) within the study area boundary
(Figure 1). The inventory design consists of 0.404 hectare (one-acre) plots

systematically placed across a landscape, thus encompassing a representative range of



stand ages, disturbance histories, ownerships, and land cover types. To account for
this variability, field crews assigned one or more condition classes to each plot to
account for within-plot variability. Reasons for assignment and location of plot
condition classes were not recorded. Because we were interested in differences due to
ownership and forest type, we chose to use plots with only one condition class. The
data collected on inventory plots include tree diameter breast height (DBH), actual
height, wood increment, age, and species. Understory woody shrub data include
percent cover, height, and species. Coarse woody debris and snag data include
diameter, decay class, and species. Plots that did not include enough increment data to
suitably calculate a stand age or a radial growth were also excluded. After exclusions,
8755 plots remained with live tree and understory data of which 8135 plots had
measured woody detritus data. These plots were used to analyze NPP, mortality, and
biomass for age-related trends as influenced by ecoregion, management, and forest
type. To evaluate and augment the federal inventory plots, we also used data from
170 supplemental field plots systematically dispersed among the ecoregions in the
study area. While these one-hectare plots cover a larger spatial area, the subplot and
transect layouts, measurement protocols, and data collected meet the minimum
requirements of the federal inventory plots. Their locations were selected using a
hierarchical random sampling design based on climate, forest type and age (Law et al.
2006). Besides the standard FIA measurements, the additional sampling was designed
to allow a more comprehensive assessment of the carbon stocks and fluxes (Law et al.

2004, Law et al. 2006, Sun et al. 2004, Van Tuyl et al. 2005). Additional
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measurements included foliage and soil carbon and nitrogen, leaf retention time,

foliage and fine root biomass and production, leaf area index, and litter stocks.
Stand Age

Stand age is computed to approximate the age since last stand replacing
disturbance. Each plot was assigned an age based on the mean of the oldest 10
percent of trees (Spies and Franklin 1991, Van Tuyl et al. 2005). Many inventory
plots did not have enough recorded tree ages to appropriately use this method (i.e.
there were fewer than 3 trees in the oldest 10 percent). In cases where there were
fewer than three trees, a mean of all aged trees on the plot was used. While this
method is the appropriate metric to best detect trends in growth and mortality, it is
different than age based on time since disturbance and does not include effects of
delayed establishment that vary widely (and likely with ecoregion, forest type, and
ownership).
Ownership and Forest Types

Ownership was used as a surrogate for management practices because
anthropogenic disturbances (i.e. clearcut harvest and thinning) have been more
common on privately owned lands than on publicly owned lands in this region (Spies
et al. 1994, Cohen et al. 2002). Public lands are defined as all non-private lands
(federal, tribal, state, county etc). Private land includes small ownerships to large
industrial properties.

Inventory plots were assigned a forest type code based on the dominant
species on the plot. We grouped forest types into 7 classes: (1) Fir/Douglas-

fir/Hemlock, (2) Larch and Cedar/Sequoia/Redwood, (3) Juniper, (4) Spruce, (5)
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Pine, (6) Hardwoods, and (7) Non-Stocked. Non-Stocked forest types are assigned to

plots with a large percentage of ground area that is unsuitable for growth (i.e. rocky
substrates).

Biomass

A database of volume and biomass allometric equations was compiled from prior
studies (Means et al. 1994, Van Tuyl et al. 2005) and a literature search was
performed to locate as many species-specific and ecoregion-specific equations as
possible. Biomass estimates for trees were computed for bole, bark, branch, foliage,
and coarse roots. A second database to compute biomass for woody shrubs was
compiled using equations developed from shrubs harvested at our supplemental plots.
A total of 12 species were harvested covering a wide range of morphology, leaf type,
and leaf longevity, allowing for substitution of equations for all species where an
equation could not be found.

Bole wood biomass (Biomass,) was calculated as the product of the bole
wood volume (allometrically derived from bole diameter) and wood density (obtained
from the US Forest service wood density survey for western Oregon (Maeglin and
Wahlgren 1972)), the Forest Products Laboratory wood handbook (1974) , and from
wood cores obtained on our supplemental plots. Wood densities were reduced
according to decay class for standing dead trees (Waddell 2002). Branch (Biomassy,)
and bark (Biomassy,) biomass were calculated separately for all evergreen-needleleaf
(ENF) and some deciduous broadleaf trees (DBF). Many of the ecoregion specific
volume equations for DBF trees calculate bole, branch and bark mass as a single

estimate. Foliage biomass (Biomassr) was calculated using DBH and/or height



12
regression equations downloaded from BIOPAK (Means et al. 1994). Tree

component biomass estimates were converted to kilograms of carbon per unit of
ground area by multiplying by the trees per hectare (TPH). TPH is a multiplier
supplied by the IDB to convert biomass estimates to per unit area estimates which are
summable by plot to get a total plot biomass estimate of biomass per unit area. All
biomass values were multiplied by 0.5 to obtain carbon amount per unit area.

Fine root biomass (Biomassg) was estimated using an equation relating leaf
area index and fine root biomass developed by Van Tuyl et al. (2005).

Biomassg = (exp(4.4179+(.3256*LAI)-(.0237*LAI?))
LAI is not measured on inventory plots, but can be calculated from foliage biomass
and the leaf mass per unit leaf area (LMA):
LAI = Biomassy LMA

Where, LMA was obtained from a look-up table of species-specific values obtained
from measurements on the supplemental plots in each of the ecoregions. In some
cases, a species-specific value was not available and therefore a closely related
species was used. Coarse root biomass (Biomasscr) was calculated with a volume
equation developed for Pseudotsuga menziesii and species-specific wood densities
(Van Tuyl et al. 2005).
We calculated biomass of understory woody shrubs and coarse woody debris
including downed trees. Total shrub biomass (Biomasss) was calculated from shrub
volume using the following equation:

Biomass = a*(1-(exp(-b*V)))
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where V is shrub volume in cubic meters. Shrub volume is obtained from the product

of the recorded fraction of plot cover, plot area, and height. The parameters ‘a’ and
‘b’ are regression coefficients that vary by species in the equation database. Coarse
woody debris biomass was estimated using the method described in (Waddell 2002).
Volume per unit ground area was calculated with a modified cylinder equation:

Volume yq = (9.869/(8*L))*(D?)

Where, L is the transect length in meters and D is the diameter of the piece in
centimeters. The volume per unit ground area is converted to biomass by multiplying
by a decay class adjusted species-specific density:

Biomass.ys = Volumeyg * Density * DC_multiplier

where Density in kilograms per cubic meter is reduced by the DC_multiplier.
NPP and Mortality

To calculate NPP for a plot, a radial increment is necessary for every tree on
the plot. Federal inventory includes stem increment cores for a sub-sample of the
trees on each plot. For our estimates, trees on a plot were divided into DBH quartiles
and the mean radial increment of cored trees in each quartile was assigned to all other
trees in the same quartile. Plots without a measured increment in each quartile (when
that quartile was represented in the full range of tree sizes) were not included in the
analysis.

Net primary production of all tree woody components was estimated as the
difference in biomass at two points in time and divided by the remeasurement interval
(usually about 10 years). A previous DBH and height for each tree were necessary to

calculate a previous biomass. Previous DBH was derived by back calculation from
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current DBH and the radial increment, and previous height was recorded for

remeasured trees or was modeled for unmeasured trees in the previous inventory
using height-diameter regression equations from our supplemental plot data and
BioPak (Means et al. 1994).

Woody shrub, foliage, and fine root NPP were calculated using look-up tables
constructed from supplemental plot data. Foliage NPP was calculated by dividing
foliage biomass per tree by the average foliage retention time (average number of
years of foliage a stand carries). An ecoregion species-specific look-up table of
foliage retention values was constructed from data gathered on the supplemental
plots. Woody shrub NPP was calculated as a percentage increase in biomass per year.
Increment disks from several shrub species were collected on the supplemental plots
to produce a look-up table of average percentage increase in biomass for the species
in each ecoregion. Fine root NPP was calculated as the product of foliage biomass
and average fine root turnover (1.2 year™) obtained from the literature and
supplemental plot data (Keyes and Grier 1981, Campbell et al. 2004a). Studies from
our supplemental plots suggest a close equivalence of fine root productivity and leaf
biomass (Van Tuyl et al., 2005).

Mortality in kilograms of carbon per meter squared per year was only
computed for trees. The IDB has assigned a mortality rate, the probability (0-1) that a
given tree may die in one year due to natural causes, to each tree record. It is derived
from a ratio of dead-to-live trees that were tallied on plots throughout the inventory
area and developed for different groups by species and/or location (Waddell and

Hiserote 2005). The amount of mortality expressed as the biomass loss per year can
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be estimated by multiplying the total live tree biomass by the location and/or species-

specific mortality rate.
Statistical Analysis

S-Plus (version 7.02, 2005 Insightful Corp., Seattle, WA) was used for all
statistical analysis. The questions of interest required that each response variable be
compared while accounting for stand age. This was done by comparing the
coefficients of the response functions (see below) fit to the age-based distributions.
For the statistical analyses, plots with stand ages greater than 600 years were grouped
into a single age group. Because less than 1 percent of plots on private land had age
groups greater than 200 years, statistical analysis for comparisons between
ownerships were restricted to plots aged 200 years or less for both public and private
land.

Historically, private land ownership has tended to be located in lower
elevation forested areas characterized by higher productivity. We confirmed this
difference by comparing mean site index (a measure of site potential productivity)
across ownerships for the stand area and finding a significantly higher mean value for
private lands (P <0.01 by permutation test). To isolate effects of differences in stand
age distribution between ownerships from differences in site potential, the public
land dataset in each ecoregion was randomly subsampled using a constrained range
and distribution of site indexes that was defined by private land distributions in the
same ecoregion. This distribution was then used for the comparisons across

ownerships.
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To compare the coefficients of the fitted functions, the data for each

ecoregion, ownership, or forest type was first binned into 25 year age groups and a
stratified random sample of observations was chosen to ensure the sample included
data points from the entire age range. The appropriate functions (see below) were
then fit to the sample dataset. The sampling process and curve fitting were repeated to
obtain 10 different estimates of each coefficient (used to produce a stand error) for
each ecoregion, and ownership and forest type within ecoregion. A weighted one-way
ANOVA using the coefficient standard errors as the weight was run for each
coefficient to test for significant differences. To determine the relative influence of
ecoregion, ownership, and forest type on biomass stores, NPP, and mortality across
the entire study area and within ecoregion, the data were log.-transformed and linear
regression models were compared using Akaike’s information criterion (AIC). For
the entire study area, model weights for age only, age + ownership, age + forest type,
and age + ecoregion were calculated and ranked to determine the most influential
explanatory variable (Burnham and Anderson 2002). Within ecoregion, model
weights were calculated for age only, age + ownership and age + forest type.

Chapman-Richards functions (Pienaar and Turnbull 1973) were fit to live
biomass and mortality data to compare the amount (mean and maximum) of carbon
stored in biomass as a function of age:

(1) Biomass = a*(1 - exp(-b*Stand Age)*

Where, parameter a is the asymptote, or the maximum amount of biomass carbon.
Parameter b determines the rate in years it takes to reach the maximum amount and ¢

is a shaping parameter that gives a Chapman-Richards relationship the characteristic
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sigmoid shape. Because we were interested in the age at which NPP peaked and

started to decline, a peak function (3-parameter, log normal) was fit to the NPP data:
(2) NPP = a*exp(-.5*(In(Stand Age/c)/b)?)

where, parameter a is the asymptote or the maximum NPP, b is the rate to reach

maximum and c represents the age of initial NPP decline.

Woody detritus data can be fit with a standard decay function plus a
Chapman-Richards function (Janisch and Harmon 2002). Stands typically start with
large stores of legacy dead wood from prior stand development or downed wood
caused by disturbance and then start to accumulate dead biomass as they age. The
decay function quantifies the decay of the legacy dead wood in clear-cut/burned and
very young stands and the Chapman-Richards function quantifies the accumulation of
dead wood as the stand ages:

(3) Biomass = d*exp(-¢*Stand Age) + a*(1 - exp(-b*Stand Age))*

where, parameter d is the initial carbon stores, and e is the decay rate in years.
While we were able to fit this function to all of the data in each ecoregion, we were
unable to detect a u-shaped pattern with stand age in the smaller random samples used
to compare the coefficients of the fitted function. Therefore, the data was divided into
three age classes and a permutation test for a difference of means in each age class
(by ecoregion or ownership) was used.
All of the above mentioned curves were fit to both the mean values in each 5 year age
bin and to the 99" percentile (hereafter ‘upper bound’) of each age bin. Curves fit to
the mean values represent the average realized trends of biomass, mortality, and NPP

while the curve fit to the upper bounds should represent the maximum potential of
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stands in the ecoregion given minimal disturbance and ideal growing conditions.

Curves fit to the upper bounds could also represent what many ecological field
studies have documented and therefore what many modelers have used to

parameterize and validate model results.
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BM = Blue Mountains

CB = Central Basin

CO = CA Chapparal &
Oak Woodlands

CV = CA Central Valley

CR = Coast Range

CP = Columbia Plateau

EC = East Cascades

KM = Klamath Mountains

NB = Northern Basin

SN = Sierra Nevada

C = West Cascades

= Willamette Valley

Figure 1. ORCA study region (Oregon and Northern California) divided by Omernik
Level III ecoregions.
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Results

Stand Age

Stand ages varied from 0 to over 1000 years with a higher frequency of
younger stands on private land than public land and more old stands on public lands
(Figure 2). Variability of stand age is also higher on public land with a more even
distribution of stand ages between 100 and 300 years. Mean stand age for private
ownership ranged from 83 in the Coast Range to 146 years in the Sierra Nevada.
Public ownership mean ages ranged from 150 in the Coast Range to 244 years in the
West Cascades where most of the land is public. There are very few stands older than
250 years on private land.
Ecoregion Patterns

There is strong evidence (P <0.001) that maximum amounts of live biomass
and rate of accumulation differ by ecoregion (Figure 3). The Chapman-Richards
function fit much better in some ecoregions than others, but appeared to be a good
general equation to describe biomass accumulation (Appendix A, Table 1). The fits
ranged from an adjusted R* of 0.39 in the Coast Range to 0.69 in the West Cascades.
When fit to the mean values by age bin, maximum amount of live biomass (a in
equation 1) is highest in the Coast Range and Klamath Mountains (33-44 kg C m?)
and lowest in the East Cascades and Blue Mountains (7-10 kg C m™) . The rate (b in
equation 1) at which biomass reaches the maximum is lowest in the Klamath
Mountains with maximum stores still increasing at 600 years. Rates were higher in
the other ecoregions, yet biomass is still increasing in stands over 300 years in the

Coast Range, the Sierra Nevada and the West Cascades.
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While we were unable to measure the inputs to or outputs from dead biomass,

we were able to compare the dynamic balance between these processes across
ecoregions as measured by the standing mass of dead wood in three age groups
(Table 2). There is strong evidence (P <0.001 from a permutation test) that mean dead
biomass differs between ecoregions for young, mature and old stands. The Coast
Range and West Cascades had the highest mass of dead wood in all age groups
(ranged from 3.1 kg C m™ in the young and 4.7 kg C m™ in the old). The East
Cascades had the lowest mass of dead wood in all age groups (ranged from 0.7 to 1.6
kg C m?) and the Klamath Mountains and Sierra Nevada had intermediate levels
(ranged from 1.0 to 2.6 kg C m™).

The theoretical u-shaped pattern of dead biomass over time--high levels
initially following disturbance, followed by low levels as this legacy wood decays,
followed again by high levels as new dead wood is recruited--was mostly apparent in
the West Cascades when fit to the upper bounds and slightly apparent in the East
Cascades and Sierra Nevada (Figure 4). The pattern was only slightly apparent in the
West Cascades when fit to the mean values. Initial stores (d in equation 3) and decay
rates (e in equation 3) did not have reliable estimates (P >0.05) for any of the
ecoregions regardless of whether equations were fit to the mean values or the upper
bounds (Appendix A, Tables 1 and 2). However, estimates for maximum amounts (a
in equation 3) were highest for the West Cascades, and lowest in the Blue Mountains,
Sierras, and the Klamath Mountains when fit to the mean values.

There is strong evidence (P < 0.001) that maximum NPP differs between

ecoregions (Appendix A, Table 1), however the rate at which maximum NPP is
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reached did not differ significantly (P = 0.36). When fit to the mean values,

maximum NPP in the Sierra Nevada was equal to the West Cascades and highest in
the Coast Range and Klamath (Figure 5). In some ecoregions the mean fit was much
better than others; adjusted R” ranged from 0.17 in the Coast Range to 0.57 in the
Blue Mountains.

The most obvious cases of late successional decline in NPP for the upper
bound plots were in the ecozones with highest maximum NPP (CR, WC, KM). The
Coast Range was the only case of a conspicuous decline with age in mean NPP.

There was strong evidence (P <0.001) that both maximum mortality and the
rate at which it is reached differs among ecoregions (Appendix A, Table 1). In some
ecoregions the mean fit was much better than others, adjusted R* ranged from 0.24 in
the Coast Range to 0.64 in the West Cascades (Figure 6). Maximum mortality was
highest in the Sierra Nevada followed by the West Cascades and Klamath Mountains
for both the mean trend and upper bounds of the data. The number of years required
to reach maximum mortality was highest in the Klamath Mountains for the mean
values of the data, but highest in the West Cascades for the upper bounds. Mortality
appeared to increase with stand age and become less predictable in older stands.
Average mortality rates ranged from 0.50% in the Coast Range to 1.20% in the Sierra
Nevada for stands younger than 80 years, from 0.35% in the Coast Range to 1.30% in
the Sierra Nevada for mature (80-200 years) stands, and from 0.35% in the Coast
Range to 1.35% in the Blue Mountains for old stands (greater than 200 years).

Ownership Patterns
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After accounting for site index, there is strong evidence that maximum

biomass differed between ownerships in all but the Blue Mountains and East
Cascades (P <0.001). Maximum live biomass is higher on public lands (parameter a
in equation 1, Appendix A, Table 3), with the largest difference in the Coast Range
(17 kg C m™ vs. 27 kg C m™ by age 200). Mean dead biomass differed (P <0.05) by
ownership in the young age class in the East Cascades and Sierra Nevada, and in the
mature age class in the Coast Range. Mean dead biomass was higher on private land
in the East Cascades and the Sierra Nevada, but lower in the Coast Range (Table 2).

There is also strong evidence that maximum NPP (parameter a in equation 2)
differed between ownerships (P <0.001). Maximum NPP was lower on public lands
in the Coast Range, East Cascades, and the West Cascades and showed no difference
in the Blue Mountains and Klamath Mountains (Appendix A, Table 3). The number
of years required to reach maximum rates of NPP were higher on public land (P
<0.01) in the Blue Mountains, East Cascades, and Sierra Nevada. Maximum mortality
was higher on public land in the Blue Mountains and Sierra Nevada, but lower in the
Coast Range.
Forest type Patterns

Forest type differences were examined for live biomass and NPP. There was
strong evidence that forest types within an ecoregion differ in live biomass maximum
accumulation (P <0.001) and rate or the number of years to maximum biomass (P
<0.001). In the Blue Mountains, maximum biomass was highest for spruce and lowest
for juniper and non-stocked groups. In the Coast Range, only two forest types had

enough observations, fir and hardwoods. Surprisingly, there was no significant
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difference in maximum biomass levels (Appendix A, Table 4), but there is strong

evidence (P = 0.01) that fir reached maximum biomass more quickly. Coast Range fir
groups reached maximum biomass in an average of 170 years while hardwood
biomass was continuing to increase in the largest age classes. All forest types in the
East Cascades and the Klamath Mountains (hardwoods, fir, pine, and non-stocked)
differed significantly in maximum live biomass, but again only fir had a faster rate of
accumulation, reaching maximum biomass 100 years faster than other groups. The
Sierra Nevada was similar to the Klamath and East Cascades as far as forest type
differences for maximum biomass levels, but there was evidence that fir and pine had
a lower rate of accumulation than hardwoods in this ecoregion (P=0.02). In the West
Cascades, maximum biomass was higher for fir than pine and hardwoods, but no rates
were significantly different.

There was strong evidence to support the hypothesis that forest types differ in
maximum NPP, years required to reach maximum NPP, and age at initial decline of
NPP (Appendix A, Table 4). In the Blue Mountains, maximum NPP, years to
maximum NPP, and age at decline of NPP were highest for pine. In the Coast Range,
fir had a significantly higher maximum NPP (P <0.001) than other forest types, but
no difference between rate or age at decline (P=0.14 and 0.28 respectively). All forest
types in the East Cascades, Klamath Mountains and Sierra Nevada differed
significantly in maximum NPP (P< 0.001). Again, age of decline in NPP was much
higher in pine. Finally, in the West Cascades, maximum NPP was higher for
hardwoods than for fir (P=0), while fir reached maximum NPP most quickly.

Regional Scale Analyses
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Across the entire ORCA study region and after accounting for stand age,

variation in live biomass (model weights 0.0 -1.0) and mortality (model weights 0.12
- 0.88) was most explained by ecoregion while variation in dead biomass (model
weights 0.40-0.60) and NPP (model weights 0.02-0.98) was most explained by forest
type (Appendix A, Table 7). Within each ecoregion or climate zone, forest type was
the most important explanatory variable in all cases except for mortality in the Coast
Range where ownership was most important (higher on private lands).

Total live biomass of forests in the ORCA study region (4.4 x 10" ha of forest
land) is estimated at 2.71 Pg C (Appendix A, Table 5). About 65 percent of live
biomass is on public lands, with a relatively large amount, 0.476 Pg C, in the West
Cascades ecoregion. Private land accounts for 35 percent of live biomass with nearly
a third of the regional biomass in the predominantly privately owned Coast Range.
Fir/Hemlock biomass dominates totals in all ecoregions except the East Cascades and
Central Basin where pine stands dominate, and the Chaparral/Oak Woodlands where
hardwoods dominate (Figure 7a). The total live biomass assuming all stands reach
approximate equilibrium carbon storage would nearly triple to 6.38 Pg C (Figure 7b).
An additional 0.17 Pg C could potentially be stored by converting grasslands in the
Willamette Valley to Douglas-fir stands.

Total dead biomass for the ORCA study regions is estimated at 0.492 Pg C.
While the Klamath Mountains have more total live biomass than the Coast Range and
West Cascades, the amount of dead biomass was up to 25 percent less. About 64
percent of dead biomass is on public lands with the largest amount, 0.087 Pg C, in the

West Cascades. Private land accounts for 36 percent of the dead biomass, with nearly
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half in the Coast Range. Fir/hemlock dead wood biomass dominates totals in all

ecoregions except the East Cascades and Central Basin where pine stands dominate
and in the Chaparral/Oak Woodlands where it is equaled by hardwoods (Figure 7c).
Total dead biomass stores would approximately double to 0.922 Pg C under full
equilibrium (Figure 7d).

Total NPP of forests in the ORCA study region is estimated at 0.109 Pg C y™.
Approximately 53 percent of NPP is on public lands with the largest amount, 0.016
Pg C vy, in the Klamath Mountains. Private land accounts for 47 percent of NPP with
0.018 Pg C y' in the Coast Range. Fir/Hemlock NPP dominates totals in all
ecoregions except the East Cascades and Central Basin where pine stands are greater
and the Blue Mountains where they are equivalent (Figure 8a). Total NPP would
increase from 0.109 to 0.168 Pg C yr™' assuming all stands reached maximum NPP
(Figure 8b).

Total mortality of biomass for the ORCA study regions is estimated at 0.021
Pg Cy"'. About 64 percent of mortality is on public lands with the largest amounts,
0.003 Pg C y"' each, in the Klamath Mountains and Sierra Nevada. Private land
accounts for 36 percent of the mortality, and the largest amount is in the Coast Range,
probably due to windthrow. Fir/hemlock biomass mortality dominates totals in all

ecoregions, but is nearly equal to pine stands in the East Cascades.



Blue Mountains

T e T T 7 ”WWWWW
0 100 200 300 400 500 600 0O 100 200 300 400 500 600

Stand Age (Years)

Private Public
0.151 West Cascades
a0 |
0.157 Sierra Nevada
i |
0.151 Klamath Mountains
i P
0.00 -
0.15] East Cascades
0.10
0.05] T | e T H T e
0.00
0.15] Coast Range
i |
0.15
0.10
0.05
0.00

[e»] e FESNEEN

Figure 2. Frequency distributions of stand age by ecoregion and ownership. Forests
on private land tend to have more stands in lower age classes than stands on public
lands. Vertical line delineates stands older vs. younger than 250 years.
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Figure 3. Live biomass (trees and understory woody shrubs) versus stand age. Dotted
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Figure 4. Dead biomass (CWD and standing dead trees) versus stand age. Dotted line

(upper bounds) and solid line (mean trend) were fit using a decay plus a Chapman-

Richards function. Open (public) and solid (private) squares are the mean biomass for
plots grouped into 5-year age bins. Gray lines are the standard deviations in each bin.
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Figure 5. NPP (trees and understory woody shrubs) versus stand age. Dotted line
(upper bounds) and solid line (mean trend) were fit using a Peak (3 parameter log-
normal) function. Open (public) and solid (private) squares are the mean biomass for
plots grouped into 5-year age bins. Gray lines are the standard deviations in each bin.
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Figure 7. Current and potential carbon stocks (kg C m-?) by forest type within
ecoregion. Potential stocks were calculated using the mean trend maximums by forest

type (Appendix A, Table 1).
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Figure 8. Current and potential NPP (kg C m™ yr'') by forest type within ecoregion.
Potential NPP was calculated using the mean trend maximums of NPP by forest type
(Appendix A, Table 1).
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Discusssion

Trends with age

The expected age related ecological patterns (i.e. Chapman-Richards logistic
growth for biomass accumulation, U-shaped pattern for dead biomass accumulation,
and a marked decline in NPP with stand age) were generally more distinguishable in
the upper bounds of the data rather than the mean. In almost all cases, the West
Cascades plot data was most suitably fit by these age related patterns. This is not
surprising when considering that the ecological studies and data that were used to
elucidate these patterns deliberately and appropriately targeted productive, smaller
scale, undisturbed, mature plots--especially in the West Cascades (Acker et al. 2002,
Janisch and Harmon 2002); while federal inventory sampling, by design, includes the
full suite of factors that cause a given forest to grow at rates less than the optimal.

With respect to CWD, the idealized U-shaped pattern arising from the
combined and lagged effects of legacy wood decay and the recruitment of new dead
wood (Harmon et al. 1986), was most apparent in the upper bounds. Dead biomass
stores may be underestimated by federal inventory data since the CWD diameter
minimum required for measurement is 12.5cm rather than the 10cm used by
ecological studies or the 7.6cm used by fire studies. Federal inventory data also does
not include stumps which would increase biomass in recently harvested (young)
stands causing the curve to follow a more U-shaped pattern.

Since mortality affects both the inputs to dead biomass and the rate of loss
from live biomass, it is important to characterize the factors controlling it. Our

analysis shows mortality (expressed as an amount) increasing with stand age and
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stabilizing in late succession. Expressed as a fraction of live biomass, we found that

mortality tends not to be a constant (Figure 6). For example, mortality increases non-
linearly with stand age in most ecoregions and then reaches equilibrium while live
biomass continues to increase. Carbon cycle models that have been applied in the
Pacific Northwest (e.g. Turner et al. 2004) often represent mortality as a fixed percent
of live biomass and our results support the implementation of a dynamic mortality
function in these models.

Increased mortality and decreased net primary production have been reported
as equally responsible for late successional stabilization of bole wood biomass in the
West Cascades (Acker et al. 2002), but this is not the case in many of the ecoregions.
The ecological studies upon which that conclusion is based are most relevant to our
upper bound lines, and our results support these findings in some ecoregions (e.g.
Coast Range, West Cascades, and Klamath Mountains). In those cases, mean NPP
peaks at approximately 80 years then declines (Figure 5) and mortality increases with
age to a stable rate that approximates bolewood production. Despite the decline in
NPP in the Coast Range, and West Cascades, we see biomass continuing to
accumulate at low rates in very old stands.

In other ecoregions, there is less marked decline in NPP with age, or no
apparent decline in NPP. For instance, pine forests in the Blue Mountains, East
Cascades, and Klamath Mountains experienced NPP declines at significantly older
ages than did other forest types in these ecoregions (Appendix A, Table 4). The
traditional explanation for NPP decline with age in forests, i.e. stable GPP and

increasing autotrophic respiration, has largely been rejected in PNW forests (Ryan et
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al. 2004). The fact that decline is most apparent in the upper bound lines and least

apparent for the relatively low productivity, more open grown, pine forest type lends
support to the hypothesis that competition related changes in stand structure (Binkley
et al. 2002) may be the critical driving factor.

Ecoregion patterns

In general, wetter ecoregions west of the Cascade Mountains crest (Klamath,
Coast Range, and West Cascades) had much higher NPP and biomass stores at a
given age than the drier ecoregions east of the crest (East Cascades and Blue
Mountains). NPP and biomass in all age classes in the Sierra Nevada ecoregion were
generally lower than in the Klamath Mountains despite similar mean annual
precipitation. Forest types vary between the two with more abundant (less productive)
pine in the Sierra Nevada. The lower overall productivity may be accounted for by
the greater evaporative demands associated with warmer temperatures in the SN
ecoregion.

Despite the relatively high NPP and live biomass in the Klamath Mountains,
dead biomass stores were 50-60 percent lower than in the Coast Range and West
Cascades. For this to be true, dead wood biomass is either being removed or
consumed in the Klamath ecoregion at a much higher rate than other ecoregions west
of the Cascade crest. One explanation is differential decomposition rates.
Decomposition is thought to be higher in the Klamath than in other west-side forests
because of sufficient moisture and warm temperatures, but with fewer prolonged
periods of moisture saturation which can limit log decomposition (Harmon 1992).

Others have proposed that historically frequent surface fires in the Klamath (every 5-
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75 years) consumed much of the coarse woody debris (Skinner 2002). If frequent

surface fires are controlling CWD dynamics in the Klamath, then we should expect to
see an increase in CWD in stands originating after the onset of effective fire
suppression (~70 years and younger) relative to older stands, which developed in part
during the era of frequent surface fires. Examination of CWD in the Klamath
Mountains does reveal that median dead biomass pools are dramatically less in most
stands older than 60 years; moreover, this date-dependent drop in CWD mass is not
seen in the upper bounds (99™ percentile), suggesting that the inevitable few stands
that escaped pre-suppression era wildfire continued to accumulate dead wood but at
rates still less than in the Coast Range (see Figure 4). This supports the hypothesis
that a combination of slower decomposition and shorter pre-suppression era fire
return intervals may underlie the lower amounts of dead biomass in the Klamath
(Wright et al. 2002).

A consideration in interpreting biomass dynamics across ecoregions is the
potential influence of 20™-century fire exclusion, which has likely varied among
regions. In dry forest types of some ecoregions (e.g. East Cascades, Sierra Nevada),
fire suppression has resulted in long recent fire intervals relative to background fire
regimes that included frequent low-intensity surface fires (Agee 1993). These long
intervals may allow greater live and dead biomass accumulations than under shorter
fire intervals, as well as increases in stem densities that may affect patterns of stand
productivity. Also, while younger stands (<100 yr) in these types were created by
timber harvests or stand-replacing fires, resulting in relatively even-aged structure,

older stands (> ~100 yr) developed under partial disturbances with small patch sizes
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and complex age distributions (Agee 1993). By contrast, in wetter ecoregions (e.g.

West Cascades, Coast Range), the fire suppression era has been brief relative to
characteristic fire return intervals and has likely had little effect on biomass dynamics
(Noss et al. 2006). In between these two extremes are the variable mixed-severity fire
regimes, which occur in parts of most ecoregions (particularly in mixed conifer forest
types in the Klamath, Blue Mountains, and Sierra Nevada); effects of fire exclusion
relative to the variable fire intervals and effects typical of these areas are more
difficult to define (Noss et al., 2006). The effects of fire exclusion (and restoration)
on carbon dynamics in different forest types remains an important direction for future
research.

Differences in maximum live biomass between the Coast Range and the West
Cascades (33 versus 27 kg C m™ respectively) may be primarily due to greater
mortality and lower maximum NPP in the WC. West Cascade mortality was nearly
twice that of the Coast Range and maximum NPP was about 60 percent of the Coast
Range. The greater amount of dead biomass in the West Cascades further indicates
that natural mortality of live biomass exceeds that in the Coast Range. Differences in
age specific mean NPP could be due to ownership, as public land area accounts for
32% of total forest land in the Coast Range, but 75% in the West Cascades.
Maximum NPP is lower on public lands in both of these ecoregions and given the
difference in land areas managed by these ownerships, reduced NPP on public land
would affect biomass accumulation.

Ownership patterns and management implications
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Management of forests on private and public lands in the Coast Range, West

Cascades and Klamath Mountains has always been somewhat different (Spies et al.
1994) and reduced timber cut on federal lands in these ecoregions after
implementation of the Northwest Forest Plan in 1990 intensified the differences.
Private lands in these ecoregions have on average less live biomass per unit area than
public lands as the typical harvest rotation (80 yrs) is much less than the age at which
maximum biomass is reached (300 years). The frequency distribution of stand age
could largely explain the differences in both live and dead biomass on public and
private lands (Van Tuyl et al. 2005). Mean stand age of publicly owned forests is 50-
150 years more than privately owned forests and mean carbon stores are 30-50
percent greater. Despite the fact that the Coast Range has the highest percentage of
private land (twice any other ecoregion), the lowest mean stand age, and the highest
rate of removals by harvest (Law et al. 2004), it nevertheless has the largest amount
of biomass stored per unit area—due presumably to high NPP (climate), low natural
mortality rates, and lack of recent major wildfires. Coast Range forests are among the
most productive temperate forests in the world (Smithwick et al. 2002). Thus, there is
high potential for increased total carbon storage with increased rotation age or
reduction in harvest rates (Figure 7b).

Unlike live biomass, dead biomass stores were not consistently influenced by
ownership. Only in Coast Range mature stands was mean dead biomass per unit area
significantly greater on public lands. Moreover, in the East Cascades and Sierra
Nevada mean dead biomass was greater in young stands on private land. Typical

management practices of Coast Range industrial land include thinning and removal of



43
trees that would have contributed to the CWD pool especially in mature stands. The

larger amounts of dead wood in young stands in the East Cascades and Sierra Nevada
could be due to a combination of increased fire suppression on private land and more
intensive management of woody detritus (e.g. pile and burn) on federal forests.

It is expected that management would affect NPP in younger stands as they
are being managed for harvest and maximum wood volume production. After
accounting for site index, our results supported this hypothesis with maximum annual
NPP of forests higher on private land than public land in all but the Blue Mountains
and Klamath Mountains. An explanation for the lack of difference in these two
ecoregions is difficult to ascertain since site index was accounted for in the analysis.
There was also no difference in maximum live and dead biomass stores in the Blue
Mountains. Maximum mortality is higher on public lands in the Blue Mountains
which could partially account for the decreased live biomass, but it may also be that
management practices are more similar on public and private land as this ecoregion
was also not affected by the Northwest Forest Plan.

Since ownership is associated with differences in mean biomass levels, a shift
from current management on public land to a regime more like private land would
likely significantly reduce carbon sequestration in forests. Decreasing rotation age to
50 years on all forested land in the Coast Range, Klamath Mountains, and West
Cascades would reduce total live carbon stores by 35% (2.7 versus 1.8 Pg C). Public
land has seen an increase in carbon storage since reducing harvest in 1990, but the
increase is thought to have stabilized (Smith and Heath 2004). Our results indicate

that Oregon and California forests are at 42% of potential maximum levels (2.7
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versus 6.4 Pg C) given full equilibrium conditions and the absence of catastrophic

wildfire.

While current NPP could potentially be increased by 35%, managing forests
to maximize NPP would not have a positive effect on maximum carbon storage.
Maximum NPP is reached much earlier in stand development than maximum biomass
in all ecoregions (by hundreds of years) and limiting biomass accumulation to
rotation ages based on maximum NPP would result in greatly reduced stocks.
Examining current and potential productivity across the region is important when
deciding regions where accumulation of biomass stores is most efficient. Highly
productive ecoregions with infrequent fire such as the Coast Range are most likely to
reach the potential stocks if managed for maximum biomass accumulation.

Forest type patterns

By examining the patterns of accumulation by forest type in each ecoregion,
the variation in biomass in each age class bin is greatly reduced as forest type within
ecoregion reflects the influence of local climate and soil fertility. Forest types affect
the potential amount of carbon stored as they differ in growth rates, susceptibility to
death by fire or insect outbreak, and physiological adaptation to local climate. For
example, maximum biomass levels ranged from 3.0 kg C m-2 in juniper forests to 9.7
kg C m-2 in fir and spruce forests of the Blue Mountains. These within ecozone
differences suggest caution in how FIA data is stratified for applications such as
parameterization and validation of carbon cycle process models.

Forest type had the strongest influence on live biomass accumulation and

mortality of carbon stores across the entire region while dead biomass stores and NPP
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were most influenced by climate. It is recognized that the distribution of forest types

is strongly influenced by climate (e.g. firs in more mesic areas), so that changes in
forest type distribution with climate change will also affect carbon sequestration.
Future climate change scenarios suggest a warmer and wetter climate for the Pacific
Northwest (IPCC 2007). While this change could increase growth rates,
decomposition rates will also likely increase, and it is the relative change in these two
processes that will determine NEP. Regional simulations of vegetation response to
climate change are beginning to disaggregate forest ecosystems into forest types
(Shafer et al. 2001) and the interpretation of the influence of forest type redistribution
on carbon balance, and hence on the sign of the biospheric feedback to climate
change, will be improved by comparisons of simulations to FIA data stratified at the
same level.
Comparison and uncertainty

Our estimates of live and dead biomass, NPP, and mortality can be compared
with other regional studies (Table 3). Most recent federal inventory estimates of state
total live and dead tree (excluding fine roots) carbon per unit area were 9-11 kg C m™
(Woodbury et al. 2007) in Oregon and California. Our results aggregated at the state
level produce a mean of 14 kg C m™ for both states, but range from 3 to 24 kg C m™
when aggregated by ecoregion. Besides the fact that our mean estimates included fine
roots and understory biomass, the discrepancy is likely due to differences in the
methods used to scale stem inventories to biomass and the method of aggregation (i.e.
state instead of ecoregion). While we used ecoregion and species-specific equations

applied at the stem level and then summarized for the plot, the study by Woodbury et
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al. (2007) and others (Smith and Heath 2004) used regional equations to convert

reported plot-level growing stock volumes to biomass. Growing stock volumes are
limited to a classification of timber inventory that includes commercial species of
specified quality. This method may be appropriate for examining general trends at
large scales, but may grossly overestimate or underestimate stocks and growth on
some plots due to site variability (Jenkins et al., 2001). We believe we have
constructed the most specific equation database available and we include all stems
recorded on a plot. Our estimates of biomass are more comparable with studies using
similar methods (i.e. ecoregion specific equations or lower levels of aggregation).
Hicke et al. (in press) reports a range of 4-20 kg C m™ for mean live tree biomass
(excluding fine roots) at the county level in Oregon and California. When compared
with the IDB estimates of ecoregion means, aboveground woody biomass varied by
5-10%. The IDB uses a less extensive ecoregion and species-specific equation
database, resulting in more substitutions.

Smithwick et al., (2002) reported that Oregon tree (including snags) and
understory biomass in very old undisturbed stands averaged 63, 58, and 12 kg C m™
in the Coast Range, West Cascades and East Cascades, respectively. Our estimates of
the upper bounds of tree (not including snags) and understory biomass (Figure 3)
were 55, 50, and 20 kg C m™ for each of these ecoregions. Our East Cascade upper
bounds estimate is much higher, but is based on a much larger number of plots which
are not limited to two areas. In comparison with other regions, maximum live tree
biomass averaged 10 kg C m™ in softwood forest types and wood biomass increment

averaged 0.24 kg C m™ yr” in the mid-Atlantic region (Jenkins et al. 2001).
g g yr
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Modeling implications

As this study reaffirms, the processes driving forest carbon balance vary with
stand age, therefore estimates of regional carbon fluxes from modeling efforts depend
in large part on our ability to accurately characterize stand age across the region
(Turner et al. 2006). Spatially explicit maps of forest age can be derived from remote
imagery and used as input for carbon process models applied regionally. In our
regional analyses, we use Landsat TM data (25m resolution) to map age for model
input because the scale of stand replacing disturbance is < 60 m (Cohen et al., 2002).
However, the accuracy of stand age maps based on remote sensing varies greatly by
ecoregion and forest type, with the highest accuracy achieved in mesic forest where
canopy structural development is most pronounced (Law et al. 2006). In addition to
difficulties in remotely detecting age, there exist inevitable ambiguities in the
definition of age since many forests in the Pacific Northwest are not even aged stands
recruited immediately after a stand-replacing disturbance. The definition of age used
in this study (the mean of the oldest 10 percent of trees in a plot) is simple and
appropriate, but it still can result in some stands appearing very old with relatively
low biomass (and vice-versa) if the increment data used to age the plot were not a
representative sample and there were a very small number of trees left on a plot
following a recent stand replacing disturbance. Until accurate and meaningful age
maps can be developed for the entire region, the distribution of forest age among
inventory plots is uniquely valuable in developing probabilistic-based maps of age

such as those generated by GNN analysis (Ohmann et al. 2007).
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Ecological studies have identified patterns of response in biomass and

productivity with age that are based on homogeneous forests growing under ideal
conditions, and in this study, we found those patterns are more evident in the upper
bounds of biomass or productivity for a given age rather than mean response. The
variation in both maximum accumulation and rate of accumulation of live and dead
biomass, NPP, and mortality for forest type within each ecoregion should be
incorporated into modeling efforts when attempting to scale NEP across regions. The
structure of many process models used for scaling NEP was developed based on
ecological trends elucidated from field studies on idealized study plots. Theoretically,
these trends would match those fit to the upper bounds in this study. Depending on
exactly how a process model is structured, it may be best to parameterize it with
curves fit to the upper maximum of the inventory data since these trends reflect the
unconstrained behavior of vegetation in a given ecoregion. This is especially true for
trends such as age-related mortality, age-related allocation, and age-related declines
in NPP that need to be explicitly enforced since these high order trends fail to
otherwise emerge in standard simulations. Mean trends in the inventory data, on the
other hand, have a different, but equally important value to modeling since after
incorporating the constraints of disturbance and climate across a region, model output
is best validated against the mean trends apparent in the inventory data. For this
reason we advocate the separate characterization of mean and upper bound trends in

federal inventory data.
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Conclusion

In Oregon and Northern California (4.4 x 107 ha), total live biomass of forests is
estimated at 2.71 Pg C (mean of 12 kg C ha™) in the period 1991-1999. Total dead
biomass (does not include fine woody debris or litter stocks) of forests in the region
was 0.492 Pg C, and total NPP was 0.109 Pg C. Mean stand age of publicly owned
forests is 50-150 years higher than privately owned forests and mean carbon stores
are also 30-50 percent higher. The majority of live and dead biomass (~65%) is on
public lands. Trends in NPP with age vary among ecoregions, which suggests caution
in generalizing that NPP declines in late succession. Biomass was still increasing in
stands over 300 years in the Coast Range, the Sierra Nevada and the West Cascades,
and in stands over 600 years in the Klamath Mountains, contrary to commonly
accepted patterns of biomass stabilization or decline. If forests were managed for
maximum carbon sequestration by reducing harvest or increasing rotation age, total
carbon stocks could potentially double in the Coast Range, West Cascades, Sierra
Nevada, and East Cascades and triple in the Klamath Mountains (Figure 7).
Conversely, if rotation age is decreased as to a rotation age of 50 years in the Coast
Range, Klamath Mountains, and West Cascades, total live carbon stocks could

decrease from 2.71 Pg C to 1.80 Pg C.



51
Bibliography

Acker, S., C. Halpern, M. Harmon, and C. Dyrness. 2002. Trends in bole biomass
accumulation, net primary production and tree mortality in Pseudotsuga
menziesii forests of contrasting age. Tree Physiology 22:213-217.

Agee, J. K. 1993. Fire ecology of Pacific Northwest forests. Washington, DC: Island
Press:493 p

Baldocchi et al., D. 2001. FLUXNET: A new tool to study the temporal and spatial
variability of ecosystem-scale carbon dioxide, water vapor and energy flux
densities. Bull. Amer. Meteor. Soc. 82:2415-2434.

Binkley, D., J. L. Stape, M. G. Ryan, H. R. Barnard, and J. Fownes. 2002. Age-
related decline in forest ecosystem growth: an individual-tree, stand-structure
hypothesis. Ecosystems 5:58-67.

Bormann, F. J., and G. E. Likens. 1969. Pattern and process in forest ecosystems.
Springer-Verlag, Berlin, 253p.

Brown, S. L., and P. E. Schroeder. 1999. Spatial patterns of aboveground production
and mortality of woody biomass for eastern U.S. forests. Ecological
Applications 9:968-980.

Burnham, K. P., and D. R. Anderson. 2002. Model selection and inference: a practical
information-theoretic approach. Springer, New York.

Campbell, J. L., O. J. Sun, and B. E. Law. 2004a. Supply-side controls on soil
respiration among Oregon forests. Global Change Biology 10:1857-1869.

Campbell, J. L., O. J. Sun, and B. E. Law. 2004b. Disturbance and net ecosystem
production across three climatically distinct forest landscapes. Global
Biogeochemical Cycles 18.

Caspersen, J. P., S. W. Pacala, J. C. Jenkins, G. C. Hurtt, P. R. Moorcroft, and R. A.
Birdsey. 2000. Contributions of land-use history to carbon accumulation in
U.S. forests. Science 290:1148-1151.

Cohen, W. B., T. A. Spies, R. J. Alig, D. R. Oetter, T. K. Maiersperger, and M.
Fiorella. 2002. Characterizing 23 years (1972-1995) of stand replacement

disturbance in western Oregon forests with Landsat imagery. Ecosystems
5:122-137.



52
Dixon, R. K., S. Brown, R. A. Houghton, A. M. Solomon, M. C. Trexler, and J.
Wisniewski. 1994. Carbon pools and flux of global forest ecosystems. Science
263:185-190.

Gough, C. M., C. S. Vogel, K. H. Harrold, K. George, and P. S. Curtis. 2007. The
legacy of harvest and fire on ecosystem carbon storage in a north temperate
forest. Global Change Biology 13:1935-1949.

Forest Products Laboratory. 1974. Wood Handbook: Wood as an engineering
material. Forest Products Laboratory, Madison, WI, p. 72.

Harcombe, P. A., M. E. Harmon, and S. Green. 1990. Changes in biomass and
production over 53 years in a coastal Picea sitchensis-Tsuga heterophylla
forest approaching maturity. . Canadian Journal of Forest Research 20:1602-
1610.

Hargrove, W. W., F. M. Hoffman, and B. E. Law. 2003. New analysis reveals
representativeness of AmeriFlux network. Earth Observing System
Transactions. American Geophysical Union 84:529.

Harmon, M. E. 1992. Long-term experiments on log decomposition at the H.J.
Andrews Experimental Forest. USDA Forest Service Gen. Tech. Rep. PNW-
GTR 280: 28 pp.

Hicke, J. A., J. C. Jenkins, D. S. Ojima, and M. Ducey. In press. Spatial patterns of
forest characteristics in the western United States derived from inventories.
Ecological Applications.

Houghton, R. A. 2005. Aboveground forest biomass and the global carbon balance.
Global Change Biology 11:945-958.

IPCC. 2007. Summary for policymakers. In: Climate Change 2007: The Physical
Science Basis. Contribution of working group I to the fourth assessment report
of the Intergovernmental Panel on Climate Change [Solomon, S., D. Qin, M.
Manning, Z. Chen, M. Marquis, K.B. Averyt, M.Tignor and H.L. Miller
(eds.)]. Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA.

Janisch, J. E., and M. E. Harmon. 2002. Successional changes in live and dead wood
carbon stores: implications for net ecosystem productivity. Tree Physiology
22:77-89.

Jenkins, J. C., R. A. Birdsey, and Y. Pan. 2001. Biomass and NPP estimation for the
mid-Atlantic region (USA) using plot-level forest inventory data. Ecological
Applications 11:1174-1193.



53
Jenkins, J. C., D. C. Chojnacky, L. S. Heath, and R. A. Birdsey. 2003. National-scale
biomass estimators for United States tree species. Forest Science 49:12-35.

Keyes, M. R., and C. C. Grier. 1981. Above- and belowground net production in 40-
year-old Douglas-fir stands on low and high productivity sites. Canadian
Journal of Forest Research 11:599-605.

Krankina, O. N., R. A. Houghton, M. E. Harmon, E. H. T. e. d. Hogg, D. Butman, M.
Yatskov, M. Huso, R. F. Treyfeld, V. N. Razuvaev, and G. Spycher. 2005.
Effects of climate, disturbance, and species on forest biomass across Russia.
Canadian Journal of Forest Research 35:2281-2293.

Kurz, W. A., and M. J. Apps. 1999. A 70-year retrospective analysis of carbon fluxes
in the Canadian forest sector. Ecological Applications 9:526-547.

Lavigne, M. B., and M. G. Ryan. 1997. Growth and maintenance respiration rates of
aspen, black spruce and jack pine stems at northern and southern BOREAS
sites. Tree Physiology 17 543-551.

Law, B. E., O. J. Sun, J. Campbell, S. Van Tuyl, and P. E. Thornton. 2003. Changes
in carbon storage and fluxes in a chronosequence of ponderosa pine. Global
Change Biology 9:510-524.

Law, B.E., P. Thornton, J. Irvine, S. Van Tuyl, P. Anthoni. 2001. Carbon storage and
fluxes in ponderosa pine forests at different developmental stages. Global
Change Biology 7:755-777.

Law, B. E., D. Turner, J. Campbell, O. J. Sun, S. Van Tuyl, W. D. Ritts, and W. B.
Cohen. 2004. Disturbance and climate effects on carbon stocks and fluxes
across Western Oregon USA. Global Change Biology 10:1429-1444.

Law, B. E., D. Turner, M. Lefsky, J. Campbell, M. Guzy, O. Sun, S. V. Tuyl, W.
Cohen, and 2006. Carbon fluxes across regions: Observational constraints at
multiple scales. In J. Wu, B. Jones, H. Li, O. Loucks, eds. Scaling and
Uncertainty Analysis in Ecology: Methods and Applications. Springer, USA.
Pages 167-190.

Maeglin, R. R., and H. E. Wahlgren. 1972. Western wood density survey: Report
number 2. USDA Forest Service Research Paper FPL-183.

McCune, B., and E. S. Menges. 1986. Quality of historical data on midwestern old-
growth forests. American Midland Naturalist 116:163-172.

Means, J. H., H. A. Hansen, G. J. Koerper, P. B. Alaback, and M. W. Klopsch. 1994.
Software for computing plant biomass--Biopak Users guide. Gen. Tech. Rep.



54
PNW-GTR-340.Portland, OR: USDA, Forest Service, Pacific Northwest
Research Station. 180 p.

Odum, E. P. 1969. The strategy of ecosystem development. Science 164:262-270.

Ohmann, J. L., M. J. Gregory, and T. A. Spies. 2007. Influence of environment,
disturbance and ownership on forest vegetation of coastal Oregon. Ecological
Applications 17:18-33.

Omernik, J. M. 1987. Ecoregions of the conterminous United States. Map (scale
1:7,500,000). Annals of the Association of American Geographers 77:118-
125.

Noss, R. F., J. F. Franklin, W. L. Baker, T. Schoennagel, and P. B. Moyle. 2006.
Managing fire-prone forests in the western United States. Frontiers in Ecology
and Environment 4:481-487.

Peet, R. K. 1981. Changes in biomass and production during secondary forest
succession. In Forest Succession: Concepts and Application. Eds. D.C. West,
H.H. Shugart and D.B. Botkin. Springer-Verlag, New York, pp 324-338.

Pienaar, L. V., and K. J. Turnbull. 1973. The Chapman-Richards feneralization of
Von Bertalanffy's growth model for basal area growth and yield in even-aged
stands. Forest Science 19:2-22.

Ryan, M. G., D. Binkley, J. H. Fownes, C. P. Giardina, and R. S. Senock. 2004. An
experimental test of the causes of forest growth decline with stand age.
Ecological Monographs 74:393-414.

Service, USDA Forest, and U.S. Geological Survey. 2002. Forest Cover Types:
National Atlas of the United States, Reston, VA.

Shafer, S. L., P. J. Bartlein, and R. S. Thompson. 2001. Potential changes in the
distributions of western North America tree and shrub taxa under future
climate scenarios. Ecosystems 4:200-215.

Skinner, C. 2002. Influence of fire on the dynamics of dead woody material in forests
of California and southwestern Oregon. USDA Forest Service Gen. Tech.
Rep. PSW-GTR 181:445-454.

Smith, J. E., and L. S. Heath. 2004. Carbon stocks and projections on public

forestlands in the United States, 1952-2040. Environmental Management
33:433-442.



55
Smithwick, E. A. H., M. E. Harmon, S. M. Remillard, S. A. Acker, and J. F. Franklin.
2002. Potential upper bounds of carbon stores in the Pacific Northwest.
Ecological Applications 12:1303-1317.

Spies, T. A., and J. F. Franklin. 1991. The structure of natural young, mature, and
old-growth Douglas-fir forests in Oregon and Washington. . Pages 91-109 in
L. F. Ruggerio, et al., editors. Wildlife and vegetation of unmanaged Douglas-
fir forests. General technical report PNW-GTR-285. U.S. Forest Service
Pacific Northwest Research Station, Portland, Oregon.

Spies, T. A., W. J. Ripple, and G. A. Bradshaw. 1994. Dynamics and pattern of a
managed coniferous forest landscape in Oregon. Ecological Applications
4:555-568.

Sun, O.J., J. Campbell, B.E. Law, V. Wolf. 2004. Dynamics of carbon storage in soils
and detritus across chronosequences of different forest types in the Pacific
Northwest, USA. Global Change Biology 10:1470-1481.

Turner, D. P., M. Guzy, M. A. Lefsky, W. D. Ritts, S. Van Tuyl, and B. E. Law.
2004. Monitoring forest carbon sequestration with remote sensing and carbon
cycle modeling. Environmental Management 33:457-466.

Turner, D. P., W. D. Ritts, J. M. Styles, Z. Yang, W. B. Cohen, B. E. Law, and P. E.
Thornton. 2006. A diagnostic carbon flux model to monitor the effects of

disturbance and interannual variation in climate on regional NEP. Tellus B
58:476-490.

Van Tuyl, S., B. E. Law, D. P. Turner, and A. I. Gitelman. 2005. Variability in net
primary production and carbon storage in biomass across Oregon forests--an
assessment integrating data from forest inventories, intensive sites, and remote
sensing. Forest Ecology and Management 209:273-291.

Waddell, K. L. 2002. Sampling coarse woody debris for multiple attributes in
extensive resource inventories. Ecological Indicators 1:139-153.

Waddell, K. L., and B. Hiserote. 2005. The PNW-FIA Integrated Database [database
on CD]. Version 2.0. Released September, 2005. . Forest Inventory and
Analysis program, Pacific Northwest Research Station. Portland, OR.
http://www.fs.fed.us/pnw/fia/publications/data/data.shtml.

Woodbury, P. B, J. E. Smith, L. S. Heath, and 2007. Carbon sequestration in the U.S.
forest sector from 1990 to 2010. Forest Ecology and Management 241:14-27.



56
Wright, P., M. Harmon, and F. Swanson. 2002. Assessing the effect of fire regime on
coarse woody debris. USDA Forest Service Gen. Tech. Rep. PSW-GTR
181:621-634.



Appendix

57



58

970 0LC 00 [F £v'1 900°0F LO0O'0 | TO'OFIT°0 od
870 4! 00°€eF T'eC ST0°0F S€0°0 | 00°'0F01°0 Y
XBN 018183 X | (D) adeyg (g) a1y (V) wnuwrxen ANTeuoN
vC 0 00°0F 00°0 0€0F 651 991F 00°€€ CO0FSIO0 | €6'TFLST N
€50 10°0F €000 | 00'TF9CT¢ [€GFI8¢E ¥00°0F #00°0 | 61'SF¥S'6 OM
3 3 3 3 3 3 Ril0)
SE€0 - - €6'F 19°1 10°0F¥ 10°0 LT'0F08°C NS
<lo €0'0FS0°0 FOv'S [0°0F IS°C 10°0F C0°0 0I'0F89°L od
SI°0 10°0FI0°0 6'0F €81 9LSTFI9LT 0°0F S0°0 OI'IF 6€°1 Y
o1y Aedo( | TRyl (D) adeys (9) a1y WNWIXBIA] peaq
€0 OrT SL¥ ¥TE SEOFLET 10°0F S9°0 N
6¢0 S9 C1F 091 SI'0F60°C [0°0F ¥#S°0 OM
L1°0 09 CeF 091 8C0F 6CC €0°0F ¢80 ki 10)
44\ 4! SY+ 16C CC0F 6’1 10°0F [S°0 NS
8¢0 33! LO6IF 8SY 9% 0F 6€°C 10°0F 8€°0 od
LSO 4! 1+ 91¢ 01'0F 0¢'1 10°0F 0€°0 Y
(D) 23y duidaq | (9) ey (V) wnwrxepy ddN
€90 +009 81'0F 79°0 ¢00°0F 100°0 | O°CEFT Y N
690 (94 0T 0F98°0 ¢00°0F S00°0 | 0°'CF6'9C OM
6¢0 0r¢ 0¥ LS80 00°0F LOO'0 | 0'EFP EE ki l0)
LY0 00§ 1€0F [80 €00°'0F +00°0 | L'OF¥'61 NS
6¥°0 0r¢ vy 0+ 011 €00°0F 800°0 | 8'0FI0I od
19°0 081 1TSF0CTL 800°0F 8200 | TOFI'L INY
A Ipy XEBIA[ 0} STed X (D) adeys (g) a1y (V) wnuwirxey | sseworq dAI]

"uIq 95 IedA G [OBO JO sanjeA UBdW A} 0} 31j s1ojowrered uwonenby ‘T d[qe],

V xipuaddy




59

WNWIXEUW JO 9,06 SI Y 2IdUM dFe pue)s ) 10J pIAJos uorenby,

93e puels SI VS a14M Jy(VSxd-)dXd - 1),V = AN[eroIN ‘(2 (d/(D/VS)uD)«S -)dX0,V = ddN

OU(VSxd-)dX2 - )4V + (VSxH-)dX0,( = sseworg peaq ‘D(VS+d-)dxa - 1),V = ssewiorg 9AI7 :suio uonenby

050 +009 €COF 190 €00°0F 100°0 | LTOF 6C0 N
¥9°0 0r¢ ve 0+ 0T’ 1 ¢00°0F 800°0 | TO'OFLIO OM
vC 0 0LT LTOF 8Y0 S00°0F900°0 | TO'0F 60°0 kite)
re0 0s¢ C90F 'l ¥00°0F 800°0 | CO'0F 0T0 NS
XEN 01 813X | (D) adeys (9) ey (V) wnwrxely | AN[euon

panunuo) | J[qe




60

S0 SII €S EF 9¢°¢ 0C0F0€00 | CO0F ST O NS
110 Sre C90FSI'T SO0FO0I00 | CO0OFLEOD NI
9C0 SLI SO+ 8S°¢ 0I0OF 0200 | CO0F¥EO od
¥C0 0L 0I'0F 200 700 F 1000 | OI'0FSTO AD
6£0 ¢qe 09'6F 688 0T00F 0200 | TOOFLTO Nd
XeJN 0} s1BO A | (D) odeyg (g) a1y (V) wnuwrxen ANTeuoN
7€0 94 9F 01 60°0F €81 C0°0F S0l IOM
960 SL 9IF 6LI LT'0F98°1 €0°0F 00°1 NS
(4% ¢9 1IF v¥1 EIOFEL'T Y0 0F Ot 1 NI
g0 SOl 98F 8LC 9 0F01'C C0'0F¥L0 od
LT0 Sy LIFOII 6C0FCIC 90°0F ¢’ AD
8C0 SL ICF9LI 1T0F09°1 C0'0F €S0 Nd
Xe]N 0] sTedo X | (D) 98V auroa( | (g) ey (V) wnuixep ddN
6C0 600°0F 8000 9T v+ 8P '€l €CF ¢ 700°0F LOOO | 0°€F 98I IOM
- - - - - - NS
610 S00°0F 100°0 CCIF8S Y OTLFO9LI 020°0F0C00 | 09F0O°S NI
¢ro 020°0F 0500 66'SFOI'LI 0TI+ 8¢ 0C0°0F0€00 | €0F o6V od
- - - - - - AD
S 0] 800°0F +00°0 L8OF €81 LLSTF09LT 0v0°0F 0500 | I'IF V' Nd
(7) 23ey Aeoo( | () [eniu] (D) odeys (g) orey (v) wnwrxepy peeq
290 SLT 1CT0F €60 C00°0F 8000 | 8 IF €S IOM
690 S61 68°0FI9°1 900°0F #1070 | 8 IF £€9¢ NS
6£0 Sve PEOFVIT €00°0F 0100 | 6'IF I'6¥ NI
6£0 Y4 9%'0F 101 700°0F 60070 | L'IF S'CT od
770 844 YT 0+ 850 700°0F #0070 | 8 SIF 8'0L AD
IS0 SI¢C LYOOF V1 S00°0F €100 | 6'0F8'LI Nd
A Ipy XBIN 018183 X | (D) adeyg (9) a1y (V) wnuwirxey | sseworq dAI]

"eep Jo (anueorad  66) spunoq raddn 0 31y s1jowrered uonenby ‘g dJqe.




61

WNWIXBUW JO 9,06 STV 2IoUM dFe pue)s ) 10J pAAJos uorenby,
93e puels SI VS a1gM Jy(VSxd-)dXd - 1),V = AN[eroIN ‘(2 (d/(D/VS)uD)«S -)dX0,V = ddN
OU(VSxd-)dX2 - )4V + (VS5H-)dX0,( = ssewrorg peaq ‘D (VS+d-)dxa - 1),V = ssewiorg 9AI7 :suio uonenby

X | 09T | SS0F8ET | $00F 0100 [ 100FLE0 | OM

panunuo) g J[qe L



62

4 Sel OTIF¥9 20°0F€0°0 ['IF6°L od
L9°0 ¢8 (A& IRY 20°0F+0°0 O TIFILIT O
LSO SII S VOFI'1¢ €0°0FS0°0 VO0F8v Nd
Alpy [ xeorsieax | (D) odeys (g) orey (v) wnwrxepy 9AIT
9)JBALIJ
68°0 08¢ 9¢°0FET T S00°0F600°0 0¥0°'0F0LT 0 OM
080 SCl STTFSOY 600°0F620°0 0T0°0F09T1°0 NS
¥L0 SSl1 8CTF8Y'C 600°0F0C0°0 P10°0FCIT 0 N
8L°0 So1 10°1FL0°C 800°0FLIO0 €10°0F¢60°0 od
6S°0 Sy ILLFIVL r0°0FE01°0 200°0FrS0°0 O
780 gee €0 IFPI°C LO0°0F600°0 9L0°0FCLT 0 Nd
XBJN 01 SIBd X (D) adeys (g) ey (V) wnwrxepy | AJ[eHON
6L°0 ¢¢ 9796 OT°0FIC'T [0°0FSS0 OM
8L°0 S +0S¢C €9°0FCC’C I1T°0F8S°0 NS
90 ¢8 16FS91 6C°0F0S'1 €0°0F€9°0 N
0L°0 S6 CIIFEET I7'0F16°1 20°0FFE0 od
S0 Sy TTFL8 €C0F69°1 €0°0FI80 O
€e0 +0S¢C +0S¢C 80°CF91°¢ CI'0FEE0 Nd
XBJA] 0} SIBd X (D) 93y auI2a( (9) sy (V) wnurxep ddN
160 08¢ 9¢°0F8E’1 SO00'0FIT0°0 6 CFCIC OM
98°0 So1 C0°1FS9°C 900°0F0T0°0 CTIFOVI NS
780 ¢0¢ L90FIL'T 900°0F¥10°0 LCFI'81 NI
98°0 gece LLOFIE'T 600°0FIT10°0 G188 OH
99°0 Sl 86°0FSL'1 110°0F0T0°0 LTFOLT O
9L°0 06¢ 0V 0Fv0°1 G00°0F900°0 VVFCI1 Nd
Alpy | xeorsieox | (D) odeys (g) orey (v) wnwrxepy OAIT
Aaqng

digsroumo £q (s1eok (7 Jo wnurxeur) uiq Iedk ¢ Yoed Jo san[eA UedW 0} )i  suonenba Joj s1ojowrered UoIssaIsoy "¢ Qe




63

sdrgsioumo ypoq ur ursearour A[Juedryrugis
[[s 2JoM san[eA asneodq NG pue DH Ioj (A[uo ssewrolq 9A1[) 05z 03 dn sdnoid o5e 10§ papnjour ereq,
WNWIXEUW JO 9,06 STV 2IdUM dFe pue)s ) 10J PIAJ0s uorenby,

a3e puess ST y'S 1M Dy (VSxd-)dXa - ).V = Kifero
(TAd/(QQ/VS)UD xS -)dx0,V = ddN ‘DV(VSxd-)dx0 - [),V = sseworg 9AI] :suiio] uonenby,

g0 +0S¢ 1791 800°0F900°0 180°0F081°0 IOM
13740 SLI SYFCC 120°0F810°0 1€0°0F0ST°0 NS
LT°0 ¢¢ ['€IF9°¢ I121°0F0L0°0 010°0FZ80°0 N
YA SLI F99FCel ¥90°0FS90°0 910°0FI80°0 od
IS0 Sy £86FCSI1 ITT°0FSST0 S00°0FE€60°0 AD
€90 SOl [CCFSL 9¢0°0F£90°0 S00°0FISO0 Nd
XBIN 01 SIBd X (D) adeys (9) 2arey (V) wnwrxepy | A)[eHON
¢ro 94 LTFOOI 0S°0F¢9'1 70 F9L°0 NI
LTO0 5 9¢FH01 PP OFr' 1 S0'0F99°0 M
€90 ¢9 SCFICI STOFSY'1 70'F96°0 AD
IS0 SL LIF6T1 0C0F1670 €0°0FCS0 NS
€S0 cel L8IFSYC 7S 0F0C’1 80°0FEY 0 od
090 SOl ViFevl LT'0FE]O C0°0FLTO0 Nd
Xe 0} s1X | (D) 98Y AUl (g) orey (V) wnuixep ddN
(440, )04 1701 C0°0FI10°0 9°9F891 M
S0 ¢Cl 8 CFr'v 20°0F€0°0 C1FC01 NS
9¢0 091 1'CF0°C 2007200 1'Z79°v1 N

panunuo) ¢ J[qe L




64

XBJA 0) SIBOX | © 98y dulpag | (g) a1ey (V) wnuixep ddN
900 2009 00'8FELC CLOOFPP00 | SOFF'S N4
AIpy XBIN 0} S1BOA | O 2deys (g) arey (V) wnwixey BING|
Yoae/Iepd)) g
290 0r¢ PEOFSI'T 200°0F800°0 | TOOFLILO IOM
4] 0SI 8STFL6OT 0I0°0FC0'0 | I0O0FICTO NS
670 4009 LTOFYPLO €00°0FE00°0 | SO'OFITO NI
LTO0 0S¢ P8 1FS0°C 800°0FCI0°0 | CO'0FITO od
9C0 1197 0€0FES0 S00°0F00°0 | TO'OFOL°0 AD
0€0 e8I LY 8FCL'L ITO0FE€C00 | TOOFIT°0 N4
XBIN 0} S1BOA | O 2deys (g) a1y (V) wnwrxely | Anjeuon
€0 09 o1IF6v1 €1°0F€0°C 10°0F9¢5°0 M
€0 Orl VCF8CLT 8I'OFILT 10°0F9¢5°0 NS
8C0 0cl 0LF0T¢ VEO0FLTT 10°07+9°0 NI
€0 0LIT CCEFCLY CL'OFSTT €0'0FIS 0 od
(450 0s PEF6ST 8V 0FSST €0°0F8L0 AD
0C0 0¢l XG5 444 61°0F0C'T 10°0FCE0 N4
XBJA 0) SIBOX | © 98y dulpag | (4) a1ey (V) wnuixep ddN
690 0Ty 81'0F8L0 200°0FS00°0 | 0°CFO'8C M
LEO c0¢ €O TFLLT 900°0FFI0°0 | 6'0FLLI NS
850 4009 1207590 C00°0FI00°0 | 6V CFF Ty NI
7€0 943 ¢S0FI6°0 S00°0F900°0 | €CF6'V1 od
70 0I¢ 99°0F¢C'1 900°0FCI00 | I'CFr ee AD
1€0 SLI CC9FC6'S 0T0°0FEC00 | SOFL'6 N4
AIpy XeN 0} sTed X | © odeys (9) arey (V) wnwixe NG|
MOOWdH/IJ-se[gno( :|

"BIBP YIM SISSE[O 9F€ YFNOud J0U AIIM I} SB SUOIFAI0II oS Ul sadA) 3S210J w0S 03 J1J 9 10U P[NOI SUOISSAITIY

"ad4y 1s010f £q UIq JBXA G TORD JO SAN[LA UEdW 0] JIj  suorjenbo 1oy s1ojowered UOISSAITRY  A[qe L,




65

XBIN 0} S1BOA | © adeys ) 2rey (V) wnwrxey | ANjenon
LO0 gs 4553 87 0FS8'1 C0°'0FI0 OM
60°0 $9 COTFLTT 08'0FEL'T [0°0FSE0 NS
00°0 33 9¢CF0LI YL EFIV' € €0°'0F6C°0 N
ero 0¢l E8TFLTS 09°0F66°C [0°0FEE0 od
810 01 01€FTlY L6'0FYL'T [10°0FCE0 INY
XBJN 03 SIBdX | © 23y aulodq | (g) a1vd (V) wnwrxep ddN
8¢0 0L 0'1vF16°1¢ v¥0°0FC80°0 | ¥'0F6'8 OM
620 01 LY TF¥8'1 Y10°0¥9¢0°0 | ¥ 0FE'8 NS
I1°0 0LE 19°0F19°0 0T0°0FS00°0 | L'€F0'8 N
¥9°0 0lv [TOFSLO ¢00°0F500°0 | 6'0FC6 od
o 08§ 9T 0F¥S0 00 0F€00°0 | 6'€FL'6 INY
AIpy XBIN 0} S1BOA | O adeyg Aa) ey (V) wnwirxey NG|
duld S
ANON — nadg :p
620 091 88 CFCI'¥Y 810°0F€C0°0 | 00°0F£0°0 INY
XeJN 0} S1BOA | O 2deys ) arey (V) wnwirxey | AN[euon
SE0 Sl P FEEC 0€°0F9¢°1 10°0F91°0 INY
XBJN 03 SIBdX | © 23y aulodq | (g) a1vd (V) wnwrxep ddN
00°0 4! LS OFST0 0S0°0F500°0 | 9TFS 'V od
050 061 L17F89°C 600°0F810°0 | £0F0°¢ INY
AIpy XeJN 0} S1BOA | O 2deys Aa) a1y (V) wnwixep BING|
sdiung :¢
6¥°0 .009 LTOFYL0 €00°0F£00°0 | SO'0FICTO NI
14\ 0S S091F6¥C 881°0F691°0 | T0'0F80°0 Ril0)
XBIN 0} S1BOA | O 2deys (9) ey (V) wnwrxely | AN[euon
€0 0S 6CF8I1 LY’ 0F68'1 90°0FL60 ki 10)

panunuo) ¥ J[qe L




66

§T0 4! 8¢ IF0C'1 610°0F610°0 €0F0°C NS
vC 0 061 68°0FL9°0 S10°0F+00°0 8¢ N
9¢0 0¢¢ €5 0F06°0 LO0'0F010°0 €0FeC od
S9°0 0S¢ I[S0F91°1 700°0FL00°0 v'0F8'C INY
AIpy XBJA] 0} SIB X O odeys (9) arey (V) wnwixe NG|
PIYI0)S-UON :L
SE0 0¢I O01'8FIS9 810" FSE0°0 10°0F€1°0 NS
920 0¢€¢ LS 0FC60 LO0'0F010°0 [10°0FI1°0 NI
XBJA 0} SIed X O odeysg (9) ey (V) wnuwrxen ANTelonN
Y0 gs eIF06 91°0700°1 LO'0FCLO OM
s 0 54! 65F08¢C YT OFrY' 1 ¢0°0FS9°0 NS
LT0 4! L8FY6C 8¢ 0Fr6'1 €0°0F06°0 N
010 94! S8FIET 67'0F80°1 ¢1'0F0L°0 od
8C0 1! SOTFSSE 8L 0F8Y'C L9°0F86°0 Ril0)
XEJA O} S183 X © 93y aulag (g) ey (V) wnwixep ddN
810 0S LL9FS6 80COFLEL O CIFL6 OM
(S0 0¢l ILOIFIL6 710°0F5€0°0 80F8 ¢l NS
160 00¢ e 07901 700°0FL00°0 I'CFIEC NI
850 00§ €C0FLI0 €00°0F100°0 £970°0¢ Ril0)
AIpy XBJA] 0} SIB X O 2deysg Aa) 2y (V) wnwixep BING|
Spoomp.eH :9
SE0 01 9¢°¢F9C°¢ L10°0F0€0°0 10°0F60°0 OM
00 0¢l ILTF9LT 910°0F€20°0 10°0F80°0 NS
010 09¢ LLOFCLO C10°0F800°0 10°0FS0°0 NI
ego0 0¥c [S°0FS6°0 900°0FI10°0 00°0FL00 od
ve0 .009 ¢e0F050 900°0F100°0 LTTFITO INY

panunuo) § J[qe L




67

WNWIXBUW JO 9,06 SI Y 2IdUM dF€ Pue)s ) 10f PAAJos uorenby,
o3e puess ST V'S a1gM D (VSxd-)dxX0 — 1),V = Anjeoy
(TAd/QQ/VS)UD xS -)dx0,V = ddN ‘DV(VSxd-)dx0 - [),V = sseworg 9AIT :suiio] uonenby,

vC 0 0¢€¢ GG ESFLO6I 0S0°0F8S0°0 [0 F€0 NS
ero .009 LLY OFVLY 0 600°'0FC00°0 70°0F€0°0 od
9%°0 0LE L3 OFVE] 900°0FL00°0 [0°0FLE O INY
XBJA 0} SIBd X (D) adeys A4) 2rey (V) wnuwrxep ANTeUON
14\ 3 6CF8CI 8¢ 0FCY'1 10°0F1°0 NS
80°0 0L 097081 8S0FEI'C [10°0FST°0 od
LT0 4! vyFIEC Ce0F6S'1 10°0F€1°0 INY
XBA[ 0} SIBIX (D) 23y durag (q) ared (V) wnwrxep ddN

panunuo) ¥ J[qe L




68

800°0 1000 | - - - - - L000 100°0 c00°0 AM
70070 - - 1000 | - 1000 | - 100°0 ~01X0'Y | - aN
~01X0C | - - - - - - ~0IX0'C | - ~01X0'C dO
0100 - <000 | 1000 100°0 | T00°0 100°0 800°0 0D
100°0 - - 1000 | - - - - 100°0 - a0
SIT0 ¢00°0 | TOO'0 | €00°0 | TOO'0 | 000°0 | TOO'0O | 660°0 L800 0200 oM
2900 100°0 | #00°0 | 600°0 [ 0000 | 000°0 | 00070 | 9¥0°0 I+0°0 9100 NS
¢80°0 000°0 | #¥I0°0 | €00°0 | 000°0 | 000°0 | TOO0 | S90°0 9¢0°0 9700 A
00 100°0 | 1000 | TTO0 | 0000 | 0000 | 0000 | LIOO 8200 ¢100 od
SIT0 000°0 | #20°0 | 0000 | TOO'0 | 000°0 | OT0°0 | CTLOO 6€£0°0 890°0 A0
750°0 €00°0 | 000°0 | #¥I0°0 | TOO'0 | 0000 | €00°0 | LTOO LEO0 0100 W4
[BI0L L 9 S 1% € [4 1 oqngd | deAlld

D 34 ssewolg ped( | uorsaiodyq
0ILC CI0°0 | 0SE°0 | S8C0 | £20°0 | 600°0 | 9L0°0 | 006°1 08S°1 0880 v
¢LO0 [00°0 | ITO0 | - - - - 090°0 600°0 LS00 AM
70070 - - 1000 | - 1000 | - ¢00°0 €000 100°0 aN
100°0 - - 1000 | - - - - 000°0 100°0 dO
6C1°0 - [S0°0 | I10°0 |- - 000 | 0C0°0 9100 9010 (0)0)
800°0 0000 | - 9000 | - - - 100°0 800°0 000°0 a0
L8O 100°0 | ¥00°0 | 910°0 | TO0°0 | - ¢00°0 | 850 9LY0 I[10°0 oM
8Y¢0 2000 | €€0°0 | ¥SO°0 | 000°0 | €00°0 | 00070 | 9ST0 8¢€C0 880°0 NS
£€29°0 100°0 | #C1°0 | 910°0 [ 000°0 | 000°0 | SO0°0 | LLYO SIyo CLTO A
60C0 €00°0 | €000 | SIT'0 | 00070 | €00°0 | 0000 | €80°0 cero 6500 od
9090 000°0 | SIT°0 | OO0 | 100 | 0000 | 6070 | ST+¥0 9¢T0 6870 A0
I81°0 €00°0 | 000°0 | L90°0 | LOO'0 | TOO0 | 800°0 | T60'0 9C1'0 ¢e0’0 Wd

[BI0L L 9 S 1% € [4 I oqngd | djeAlld
D 34 ssewolgq dAIT | uorsdaa0dyy

"Ajelaowr pue ‘gdN ‘SSewoIq Jo s9jewns 8303 9dA) 3S910J pue ‘IOUMO UOISAI0IH *G J[qeL




69

L01%0'8 | - - - - - - - <OTX0'L [ ,0TX0'L aN
<OTX0T | - - - - - - - - LOTX0'T dO
S1000 |- - - - - - - 20000 | #100°0 0d
L01%0'8 | - - - - - - - <OTX0'L [ ,01%0°S 40
$€00°0 | 0000°0 | 0000°0 [ 1000°0 [ 0000°0 | 0000°0 | 0000°0 [ T€00°0 | TEO0'0 | 0000°0 oM
Z¥00°0 [ 0000°0 | £000°0 | $000°0 | 0000°0 [ 0000°0 | 00000 | €£00°0 | 62000 | 11000 NS
2¥00°0 | 000070 | L0000 | 1000°0 | 0000°0 [ 0000°0 | 00000 | €£00°0 | L2000 | 0100°0 W
$200°0 | 0000°0 [ 0000°0 | 0100°0 | 0000°0 [ 0000°0 | 00000 | €100°0 [ 91000 | 1000°0 04
1200°0 | 0000°0 [ 9000°0 | 0000°0 | 0000°0 | 0000°0 [ T000°0 | TT00°0 | 9000°0 | L1000 e
$200°0 | 0000°0 | 0000°0 [ 9000°0 [ 1000°0 | 0000°0 | 1000°0 [ ST00°0 | 8100°0 | ¥000°0 Nd
[e10L L 9 S ¥ € 4 1| onqnd | oreAud

AL D 84 ABLIOIA | UOISII0I

0601°0 [ 800070 [ ##10°0 [ 0¥10°0 | 9000°0 [ #000°0 | 62000 | 9090°0 | LLSO'0 | 8TSO'0 v
¥€000 | - - - - - - - €000°0 | 0€00°0 AM
20000 |- - - - - - - 10000 | .0TX0'9 aN
<OTX0°L | - - - - - - - 08000 | .0TX0'9 dO
#8000 | - - - - - - - 0100°0 | 0L00°0 0d
€000°0 |- - - - - - - €0000 | LOTX0O'T 40
¥¥10°0 | 0000°0 | 2000°0 | £000°0 | 0000°0 [ 0000°0 | 10000 | 9210°0 | 0TT0°0 | 0+00°0 oM
1#10°0 | 2000°0 [ 9100°0 | £200°0 | 0000°0 | 1000°0 [ 0000°0 | $600°0 | 0600°0 | 0S00°0 NS
9¥20°0 | 0000°0 | 8900°0 | 6000°0 | 0000°0 | 0000°0 | 20000 | 9910°0 | 09100 | 0010°0 W
0010°0 | 2000°0 | 2000°0 | 0900°0 | 0000°0 | 1000°0 | 00000 | LE0O'0 | 0900°0 | 0£00°0 04
LST0'0 [ 000070 [ 1L00°0 | 1000°0 | #000°0 [ 0000°0 | £200°0 | 8%10°0 | 08000 | 0810°0 e
0800° [ 2000 [ 0000 |9£00" |Z000" |Z000" | €000" |S€00° [ SO0 200° Nd

1810 L 9 S ¥ € C I qnd Ald

A D 8d ddN | uorsaiody

z6v'0 [ 80000 [870°0 [ 1500 [$000 | 10000 [9100 |+¥€0 [T6T0 [ L9T°0 v

panunuo) g J[qe L




70

PO00IS-UON=/, ‘SPOOMPIBH=9 ‘QUI=G ‘onidS=4
‘ssaxdA)/1odiunf=¢ ‘poompay/eronbag yore/1epad)=g MOO[WIH /N Se[3no /M= [ :SodA ] 15910

L0200

89000

1V

€000°0

0000°

¥100°0

0200°0

¢000°0

000070 | €000°0 | 9€10°0 | 9100
- - - L01X0°€

€000°0

AM

panunuo) g J[qe L




71

['0F9C [ €F6' 1 |T0F6'T |00FCT | €0F9EC | TO0F80|E0F6'E | T0FCE |00F9C | T'0FCT v
v OoF6'l |- COFLO |- N N : SOFCC |60FFC | SO0F91 AM
LOF9'T |- - S0F80 | - 0°0FI°0 | - OTFLT [ LO0F9T |- aN
1'FC°0 N 1'0¥C0 |- N N N N N 1'0FC0 dO
1'0¥8°0 |- 1'0F9°0 [ €0FLO0 ] - N N COFO'T | T0F90 | TO0F60 0D
C0F6'0 |- N 060 | - N N - C0F6'0 |- S0
L'0FOy | TF8'S | S0F6'C | T'OFST|60FLY |- 01F€9 [T0FI'y [ T'0F0¥ | SOFLE IM
1'0FCC | 156 COFS'T | T°OFET | - SOFVI | - 1'0F9°C | 1'0FCTT | TOF8'1 NS
['0FCC | TF6 1'OF9'T [ TOFIT |- - COFL'T | T'0F'C | T0FCC | TOF6'1 N
LOFPT [ TF0T | €0F9T | TOFET | - COFL0| €0F9'T | TOFI'C | T0FV'T | TOFS'T od
1'0F9°C | vF6'1 | TOF8CT |0 TFPT|90FCE |- 80FSY | TOF8E | TOFL'E |TOFIE ):0)
1'0F0C | vFI'C |- IOFET [ €0FFE [ T'0FE0 | ¥'OFS'E | T'0FEC | 1'0F0'CT | TOFS'T INY

L WDBY] ssewolq pea(
T'OFOCT [ TOFLT | €0F0CT [ TOFO9 | O'TFOVI [ ¥'OFIE€ | O'TFOST | TOFO9I | T'OFO'ET | TOFC6 v
0'1F0°¥I | - 0CFO'IT | - N N - 0'CF09T | €0F0°61 | 0'TFOTI AM
9°0F8C | L0F60 |- 0'1FCY | - v OFI'C| - 0OvF6'L |80F8T |0 TFLT aN
0'IF0°C | 0°0FI0] - 0°0FI9 | - 0°0¥8°0 | - 0’170V 0'1F0'C dO
SO0FC9 |- 90FI'L |LO0F9Y |- N N 0'1F6'8 | 80FK'9 |90FC9 0D
80F0°S | 10T | - 6'0F8'S | - : : N 8'0F0°S | 00FLE S0
€0F0'8I | TOFOCT | O'IFI'8 |V OFS'L|[OTFOSI |- 0°€F0°0C | €0F0°61 | €0FO'8I | 80F86 IM
COFOIT | TOFP'T | 90FOIT | €0F89 | - 0CFE6 | - v'0FOYT | €0F0TI | 9°0F8'S NS
COFOSTL | TOFL'T | SOFOVI | S'OFY'S | - : 0°€F0°0I [ ¥'OFO'LT | €0F091 | 9°0F0°CI N
10789 |T0F9 1|0 I¥€8 | T0F8S |- 9079V | 0°CF6'S | €0F001 | I'0F8'9 | ¥'0F8'S d
S0F0°6!1 [ 80FEC | 90F0OYI | O'TFI'S [ 0OVFO9T | - 0°CFO'IT | L'OFOIT | 9°0F0°CC | 9°0F0°¢Cl ):0)
1'0OFF9 [ T0F81 | - ['0F8'S | SOFL'6 | TOF8T | 9FC8 CTOFL'L | T'OFL'9 | €0F9°¢ INY

8101 L 9 S 14 3 [4 ! oqnd | 9jeALld
WS ssewolg AT | UoIsa10dy

"AjfelIow pue ‘gdN ‘SSewolq Jo (S10119 pIepuels F) sajewn)sd uedw 2dA) 1S210] pue ‘JouMO ‘UOI3aI00H "9 J[qe ],




72

20°0FS0°0 | 0°0F10°0 | - 0°0F€0°0 | - 0°0F20°0 | - T0FCE0 [ 007900 | 0°0F10°0 | AN
0°0¥20'0 [ 0°0¥S0°0 | - 007900 | - 0°0F10°0 | - 0'0F70°0 | - 007200 | dO
10°0FL0°0 | - 0'0F11°0 [ 0°0F€0°0 | - - - 0°0FL0°0 | 0°0F90°0 | 0°0F80°0 | 0D
10°0FS0°0 | 0°0F10°0 | - 0°0FS0°0 | - - - - 0°0¥S0°0 | - g0
0'0FC1'0 [ 0°0F10°0 [ 0°0FS0°0 | 0°0FLO0 | 0°0OFST0 | - 0'0F¥1°0 | 0°0FET'0 | 0°0FCI°0 [ 0°0FS0°0 | OM
0'0Fr1'0 [ 0°0¥20°0 | 0'0FI1°0 [ 0°0F90°0 | - 0°0FL0°0 | - 007810 | 0'0F¥1°0 | 00FII'0 | NS
0°'0F01°0 | 0°0¥10°0 | 0°0¥80°0 | 0°0F0°0 | - - 0°0FL0°0 | 0°0FZI°0 | 0°0FIT°0 [ 0°0FL0°0 | DX
0°0¥80°0 | 0°0F10°0 | 0'0FL0°0 | 0°0FS0°0 | - 0°0F€0°0 | 0°'0F#0°0 | 0°0F91°0 | 0°0F80°0 | 0°0¥90°0 | O
0°0790°0 [ 0°0F10°0 [ 0°0F80°0 | 0°0F#0°0 | 0'0F90°0 | - 0°0780°0 | 0°0790°0 | 0°0790°0 | 0°0FL0°0 | ¥D
0'0F60°0 | 0°0¥20°0 | - 0°0F90°0 | 0°0F¥1°0 | 0°0FZ0°0 | 0°0FCI°0 | 0°0FEI'0 [ 0°0F60°0 | 0°'0F+0°0 | NG
K, w3 Aperiony
00°0FS'0 [ TO'OFI'0 [ TO'OFL'0 | TO'OFE0 | €0°0FF0 | 10°0FC°0 | €0°0F9°0 | T0'0FS'0 | TO'OFS'0 | T0'0F9°0 | TV
$0'0FL'0 | - 01°0FLO | - - - - #0°0FL'0 | 90°0FL0 | SO'0FL0 | AM
20°0FC0 [ 10°0FI0 |- €0°0¥C°0 | - 10°0F1°0 | - 11°0FF'0 | €0°0FT0 [ #0°0F1°0 | AN
T0°0FC0 [ 00°0FI0 |- 00°0F€0 | - 00°0F1°0 | - 00°0F€0 | - 0FC0 | dO
20070 |- #0°0FS°0 | #0°'0F€0 | - - - LO'0FS0 | €0°0FF0 | €0°0F#°0 | 0D
20°0FC0 [ 10°0FI0 |- 20°0FC0 | - - - - 20°0FC0 | 000¥C0 | 9D
00°0FS'0 | 10°0F1°0 [ S0°0FS0 | 10°0F+°0 | #0070 | - 70'0FS'0 | 00°0FS°0 | 00°0FS'0 | £0°0F9°0 | DM
00°0FS'0 [ 00°0FI'0 [ 20°0F9°0 | 10°0FE0 | - S0°0F€0 | - 10°0%S°0 | 10°0FS°0 [ 20'0FS°0 | NS
10°0F9°0 | 10°0F1°0 | T0°0F8°0 [ 10°0FE0 | - - LO'0FS'0 | 10°0F9°0 | 10°0F9°0 | TO'OFL'0 | INM
00°0FE'0 [ 00°0FL'0 | 01'0FS'0 [ 00°0FE0 | - 20°0FT°0 | #0°'0F€0 | 10°0FS°0 | 00°0F€0 | T00FE€0 | OF
10°0F8°0 | #0°0FC0 | 20°0F8°0 | 01°0FF 0 | +0°0F80 | - 70°0F6" | 10°0¥8°0 | 10°0¥8°0 | 20'0F8°0 | ¥D
00°0FE0 [ 00°0FI0 | - 00°0FE0 | T0'0FE0 | 10°0F1°0 | 10°'0FE'0 [ 00°0FE0 [ 00°0FE0 | 10°0FC0 | NG
(AL WD3Y dIN

panunuo) 9 J[qe L




73

PaY00IS-UON=/, ‘SPOOMPIEH=9
‘Quid=¢ ‘@on1dg= ‘ssa1d£) ‘rodrunf=¢ ‘poompay/eronbag ‘Yore| ‘1epa)=g OO[WIH ‘1 se[3no ‘M= | :SodAT 153104

0°0F0T1°0

0°0F80°0

0°0FET0

0°0F0T1°0

0°0FL0°0

v

10°0F90°0

0°0F20°0

0°0F90°0

0°0FS0°0

0°0FCI°0

0°0F€0°0

0°0F01°0

0°0F90°0

0°0F90°0

0°0F90°0

AM

panunuo) 9 J[qe L




74

syurod ejep [[& JO UOnNQLISIP [BULIOU-UOU J0J Jsnlpe 03 pajrey

SUOIJBWLIOJSUBT) ASNBIAQ SIBAA ()G => SPUBIS IO PISSISSe 9q AJUO P[nod AJ[e}Iou U0 J0JIeJ OB JO SI09)

adA ] 1sa104 adA ] 1sa104 adA ] 1sal104 adA ] 1sa104 M
adA | 1sa104 adA | 1sal104 adA ] 1sa104 adA ] 1sa104 NS
adA ] 1sal104 adA ] 1sa104 adA ] 1sa104 adA ] 1sa104 A
adA ] 1sa104 adA | 1sa104 adA ] 1sa104 adA ] 1sa104 23
JaumQ adA ] 1sa104 adA ] 1sal104 adA ] 1sa104 I eT0)

adA ] 1sa104 adA ] 1sa104 adA ] 1sal104 adA ] 1sa104 ng
adA ] 1sal104 uoiba1093 uoibai003 adA ] 1sa104 ealy Apnis
LABLON ddN | ssewoig pea(q ssewolg oA uoibay

*33e 10§ Sununodde 1oye ‘(2dA) 352105 10 dIYSIOUMO) UOIFII099 Yoed uryiim pue (9dA3 35910 10 ‘dIysIoumo ‘uorgaindd)

uoI3a1 Apn3s dI1IUI SSOIOB (SIYSTIoM [opow Wof) so[qeriea A1ojeue[dxa pauea dog, -/ 9[qeL




