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Introduction

Timber has been a fundamental input into economic production for millennia; and even
today, it represents an important natural capital asset for many countries around the world
(Cubbage et al. 2022). Yet, in the official statistics that track aggregate economic activity, timber
and many natural resources are often missing or only partially accounted for, including in large,
developed economies like the United States (U.S.) (Boyd et al. 2018; Fenichel 2024). Among the
many statistics countries produce, the national economic accounts aim to provide a comprehensive
picture of the economy, its components, and national wealth. In the U.S., these accounts measure
flows of income and production in the National Income and Product Accounts (NIPAs), which
includes flagship statistics like Gross Domestic Product (GDP), and stocks of assets in the
Integrated Macroeconomic Accounts (or national balance sheet).! In recent years, U.S. researchers
have piloted novel methods for accounting for natural resources in the national accounts (Bagstad
et al. 2021; Mueller et al. 2025); however, this work is still in early stages in the U.S. and has not
yet accounted for key resources like timber. Thus, the purpose of this study is to develop a tractable
methodology for quantifying timber resources as an asset on the national balance sheet. We
demonstrate the feasibility of a new method by constructing a pilot account for the state of Georgia
and explore how this approach could be scaled to develop an aggregate accounting of the value of

U.S. timber.

Recognizing the inclusion of natural resources as capital for production and as a store of
wealth has deep roots in economics. As early as Adam Smith (1776), economists have long
described aggregate output of an economy as derived from a combination of inputs of labor,
physical (produced) capital, and natural resources (Smith 1776, Book 1, Chapter VI). Subsequent

foundational work in economics, notably by Fisher (1906), has emphasized natural resources as
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stores of wealth, establishing that natural capital belongs on the balance sheet alongside produced
and human capital. This accords with basic intuition and what we observe in market economies,
that natural resources transact in markets for these purposes (i.e., production and assets). Hence,
omitting natural resources from the balance sheet has a couple important consequences. First, if
we only include produced capital and financial assets on the national balance sheet, it runs the risk
of substantially understating a nation’s wealth and measures of sustainability (Arrow et al. 2012;
Obst 2015; Fenichel and Hashida 2019). Second, while GDP measures the value of production like
logging and produced capital assets like machinery, Nordhaus and Tobin (1972) point out that
productivity statistics and economic growth can be misleading or “send the wrong signals” if the

national accounts do not track depletion (and additions) of the stock of natural resources. "

Recent revisions to the accounting standards have increasingly recognized natural
resources and ecosystem assets as components of national wealth (SNA 2025), and experiences
from other countries suggest that timber should be among the first set of accounts that countries
like the U.S. should produce.i In fact, forestry and timber accounts have been among the most
commonly produced natural resource asset accounts (UN Statistical Commission 2026). Norway
pioneered physical asset accounts for standing timber as early as the late 1970s (Alfsen et al. 1987),
and the European Union now requires member states to compile forest accounts (Eurostat 2024).
Australia, Indonesia, the Netherlands, and Sweden have also developed timber and forest accounts
following SEEA guidance (Lange 2004). Canada includes timber on its national balance sheet, and
it accounts for about 19% of natural resource wealth excluding land (Statistics Canada 2025). Thus,
while we cannot know the value of U.S. timber before we measure it, the evidence from the U.S.’s
neighbor and other heavily forested countries suggest that timber should be among the first new

accounts developed.
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While the literature has advanced multiple ways to value forests and standing timber (Hyde
2019), it is important to underscore, particularly for environmental and resource economists, that
the methodology used to value timber must be consistent with how we value other assets in the
national accounts. The national accounts follow internationally accepted standards, the System of
National Accounts (SNA) and the System of Environmental-Economic Accounting (SEEA)
Central Framework, which ensure comparability across countries, time periods, and asset types.
These standards require market-based valuation, as opposed to welfare valuation methods
commonly used in environmental and natural resource economics.”” While market value has well-
known limitations, its chief benefit is comparability: a dollar of timber wealth can be directly
compared to a dollar of mineral assets, buildings, or machinery, despite the myriad of difference
among these assets categorically. A potentially useful analogy might be to think of a forest as a
natural “factory” which takes water, nutrients, and sunlight and produces wood and other outputs.
Standing timber is analogous to a manufacturer’s inventory; young trees are work-in-progress,
while trees large enough for harvest are finished goods. The SNA and SEEA recommend
accounting for timber in this way, and the most recent OECD guidance refers to timber as part of
“work-in-progress” biological resources (OECD 2025), aligning the methods and terminology

used for timber assets with physical capital and other assets.

We begin with Georgia as a proof-of-concept for several reasons. Georgia is one of the
leading timber-producing states in the nation, with more privately owned commercial timberland
(22 million acres) than any other state, and it regularly ranks among the top states in volume of
timber harvested annually (Georgia Forestry Commission 2019). Georgia’s forest industry
generates approximately $21.5 billion in annual economic output and supports over 55,000 jobs,

making it the second-largest manufacturing sector (Georgia Institute of Technology 2019). As a
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result, Georgia has sufficient tree species diversity and active timber markets, making it a logical
choice for an initial test case for the valuation approach we develop. The data for Georgia allow
for a straightforward way to work through a numeric example for valuing one of the most common
timber-producing species in the Southern U.S., loblolly pine. Specifically, we are able to evaluate
young loblolly pine stands not yet large enough for harvest in Georgia, then extend the analysis to
all southern yellow pine species for the year 2023.Y We discuss later in the paper how this approach
can be extended to other states and regions where markets exist, building toward a national account

of standing timber value.

This pilot makes two contributions to the literature. First, we develop a novel valuation
technique we call the discount timber price method, a variant of the OECD’s preferred
consumption value method. Our approach uses observed forest inventory data from the Forest
Inventory and Analysis (FIA) Program, combined with growth and yield simulations from the
Forest Vegetation Simulator (FVS) to value pre-merchantable timber, or trees not yet large enough
for commercial harvest. The method also accounts for the fact that trees can become too large for
harvest: mill equipment is often optimized for particular size ranges, and trees far exceeding their
optimum rotation value are likely to not be harvested due to landowner preferences or other
physical characteristics. We call these post-merchantable trees. To our knowledge, this upper
bound on merchantability has been largely overlooked in the timber accounting literature, though
it could substantially affect estimates for regions with high proportions of older, larger trees. We
return to this issue in more detail when discussing Georgia’s estimates, but we highlight this point
at the outset because these issues could be important for future work (either for academic studies

or official government statistics) on timber valuation more generally.
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Second, this paper advances a recent line of U.S. research focused on piloting
environmental and natural capital accounts. Studies have developed pilot accounts for water
(Bagstad et al. 2020), land (Wentland et al. 2020; Wentland et al. 2023), air emissions (Chambers
2023), environmental goods and services (Fixler et al. 2023), forest ecosystems (Warziniack et al.
2023), marine natural capital (Wielgus et al. 2023), and ecosystem services (Warnell et al. 2020;
Heris et al. 2021)."' A common thread through most of this work is that to construct this account
we draw on very granular physical data. Few countries construct their timber estimates with this
level of detail; hence, U.S. research and development of environmental-economic accounts can
advance methodological work in ways that countries with less data are less equipped to do. Indeed,
a key reason why we can pursue the discount timber price methodology is due to the quality of
existing U.S. data. Yet, even in the U.S., data gaps and limitations remain. This is an important
function of any pilot study, identifying issues and hurdles to clear so that this can be scaled to a

national account, which we discuss at greater length in the Discussion and Conclusion.

Environmental Economic Accounting and National Asset Accounts

This section briefly summarizes the accounting standards that govern how timber is
measured and valued by official statistics. The SEEA Central Framework (SEEA-CF) outlines
principles for compiling environmental asset accounts, which can serve as standalone satellite
accounts or feed into the national balance sheet. SEEA-CF section 5.8 and SEEA Agriculture,
Forestry and Fisheries (SEEA-AFF) section 3.7 provide the main guidance for developing timber
accounts (FAO and UN, 2020). These standards address both physical stock accounts and flow
accounts (e.g., annual harvests); this paper focuses on the stock account, the value of standing

timber at a point in time. The SEEA-CF defines timber resources as follows:
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Within the relevant areas, timber resources are defined by the volume of
trees, living or dead, and include all trees regardless of diameter, tops of
stems, large branches and dead trees lying on the ground that can still be
used for timber or fuel. The volume should be measured as the stem volume
over bark at a minimum breast height from the ground level or stump height
up to the top. Excluded are smaller branches, twigs, foliage, flowers, seeds
and roots. (SEEA-CF 5.350)

In practical terms, timber volume is measured as wood in the tree trunk, excluding branches, twigs,

foliage, and roots.

The SEEA-CF distinguishes between cultivated timber (planted and actively managed) and
natural timber. The FIA program’s Nationwide Forest Inventory tracks this distinction, classifying
stands by origin (planted vs. natural regeneration) and management intensity. However, because
timber is harvested from both planted and natural stands, we combine them in this pilot account,
consistent with NIPAs treatment of timber. Planted stands are concentrated in specific regions and
species: approximately two-thirds of planted timber in the U.S. falls into just two species groups,
loblolly and shortleaf pine in the South and Douglas-fir in the Pacific Northwest (Oswalt, et al.
2019). Combining cultivated and natural timber is a simplification; the two categories have
different implications for how growth is recorded in the accounts, a point we later address in the

discussion section.
Figure I Here

A separate distinction matters for valuation: the SEEA-CF explains that “a distinction
should be made between those timber resources available for wood supply and those not available
for wood supply” (SEEA-CF 5.359). This differentiation, illustrated in Figure 1, determines which
timber enters the monetary account. Timber that may never be available for wood supply, such as
trees in protected areas or inaccessible terrain, has no market value as timber and appears only in

physical accounts (SEEA-CF 5.347)."1 This paper focuses on timber available and preferred for
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wood products. Future research could refine this boundary by incorporating accessibility,

proximity to mills, and other merchantability factors.

The SEEA-CF recommends valuing timber using market stumpage prices:

Stumpage prices can then be multiplied by estimates of the expected volume
of standing timber per hectare at the expected harvesting age to yield
estimates of future receipts. These future receipts are then discounted (over
the time from the current period to the expected harvest period) for the
purpose of estimating a value per hectare for each age class. In turn, these
values are multiplied by the total area of each age class and added to give
the value of the total stock of standing timber. This approach should ensure
that trees harvested after reaching maturity are separately accounted for. A
simplifying approach is to use the current age structure and assume that
each tree of a particular age grows to maturity and is harvested at maturity.

(SEEA-CF 5.381)

As such, we utilize a simplifying approach and consider the age and size distribution of
trees at a single point in time and apply the relevant stumpage price presuming harvest at
current size for merchantable trees and discounted back from pulpwood price for pre-

merchantable trees.

Timber Valuation

If all trees were the same species and grew to maturity within a single year, then timber
valuation at scale would be straightforward: count the trees, multiply by the market price, and sum.
But real forests contain trees of different ages and species that reach harvestable age at different
times, requiring a nuanced approach. The earliest income from a timber investment typically
arrives more than a decade after initial planting, and natural disasters pose ongoing risks to young
stands (Straka 2009). Valuation must therefore account for tree species, age, size, and the time

value of money.
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Markets provide observed prices for trees that reach minimum harvestable size, typically
measured by diameter at breast height (DBH). Trees below this threshold are “pre-merchantable,”
or too small to be commercially harvested (Bullard and Monaghan 1999). Yet, pre-merchantable
stands are not worthless. They represent significant early investments, trade-offs in land-use
decisions, and have a measurable future value. As trees grow and approach harvestable size, their
value converges toward the market price for pulpwood. The valuation challenge is determining
what pre-merchantable timber is worth today, years before it can be sold.

A simple example illustrates why species and age matter. Consider a stand of loblolly pine
and a stand of longleaf pine under the same site conditions, both at age 5. A hurricane destroys
both stands. Once mature, both species command the same pulpwood price, but loblolly grows
faster than longleaf and would have reached harvestable size sooner. The loblolly stand was
therefore worth more at the time of loss. This example highlights a practical application: pre-
merchantable timber values are essential for quantifying casualty loss from storms, fires, and other
disasters. More broadly, timber asset accounts may differentiate value by species and their
respective growth rates.

Before introducing our method, it is useful to briefly review existing approaches to timber
valuation. There are three widely used approaches for valuation: the income approach, the cost
approach, and the comparable sales approach (Mei and Clutter 2023; Straka 2009; Bullard and
Monaghan 1999). The income approach involves discounting all future cashflows, typically a 10-
year projection of cashflows from the harvest scheduling and a terminal value for forest options
beyond year 10, back to the present. The cost approach values each component of the subject

property using the replacement cost derived from past transactions. The comparable sales approach
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uses information contained in recent transactions, which is adjusted to reflect the subject’s
characteristics and current market conditions, to estimate the value of the subject’s property.
With the income approach, the total valuation is further broken down into two components:
land value and timber value. Land value is the residual value calculated as the lump sum value
minus the timber value. In the cost approach and comparable sales approach, land value and timber
value are derived from comparable sales within the subject region in recent 1-2 years after both
quantitative and qualitative adjustments for land class mix, timber prices, market conditions,
access, location, and size. Our method sidesteps this challenge by valuing timber directly, without

requiring a land value estimate.

Methods

Pre-merchantable valuation

Consider the following commonly used valuation methods for pre-merchantable timber:
(1) the straight-line method, (2) the compound annual growth rate method, and (3) the holding
value premium method. For all three methods, the minimum merchantable timber age Am is first
determined for a plantation forest. For the straight-line method, timber price P, forest growth rate
g, and site establishment cost C are also needed. Then, the stand is worth P4ng at the merchantable
age and the constant annual value change rate J can be calculated as

6 =PAng —C)/An (1)

For any age class a € [0, 4,,) , the pre-merchantable timber value (V) is calculated as:
V,=C+aéd (2)
A special case of the straight-line method is when C = 0, known as the straight-line without a base

value. However, this method is less often used in the United States than other countries.

10
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For the compound annual growth rate (CAGR) method, the annual rate is calculated as

n = (PAng/C)"4m -1 (3)
For any age class a € [0, 4,,), the pre-merchantable timber value is calculated as
V,=C(1+n)? 4)
The holding value premium method relies on calculating an upper and lower bound
following the steps outlined below (Mayo and Straka, 2005; Mei and Clutter, 2023).
1. Identify the optimal rotation age 4raccording to the Faustmann model (Faustmann,

1995) that maximizes the land expectation value (LEV)

PY(A)-C(1+1)A
(1+r)A-1 )

mgleE V=
where P is timber price, Y(A4) is timber yield, C is site establishment cost, 7 is the
discount rate, and A4 is the rotation age.

2. From the optimal rotation age A4y, discount the timber value back year by year to age 1
and subtract the present value of annual cost (administration cost, property tax, and
land opportunity cost). This forms the upper bound of the pre-merchantable timber
value or the holding value.

3. Calculate the immediate liquidation value (LV), LV(a) = PY(a), for a € [0, A,,) . This
forms the lower bound of the pre-merchantable timber value.

4. The difference between the upper and lower bounds defines the maximum holding
value premium (HP). There are multiple ways to allocate HP and pre-merchantable
timber value is determined by adding to the lower bond value LV the realized holding

value premium (RHP).

V, = LV(a) + RHP(a) (6)

11
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While the above three methods are widely adopted in the commercial timberland
investment space, the structured age-yield data are often not available for the national timber asset
accounting purpose. Therefore, we propose an alternative, less restrictive valuation method for
pre-merchantable timber called the discount timber price method, which requires timber price,
diameter at breast height (DBH), and discount rate information. Further, because this method does
not rely on land value, it avoids issues with deriving the value of timber from the value of land, as
land valuation itself has its own methodological challenges (see, for example, Wentland et al. 2023).

Suppose the minimum merchantable DBH is Dn, then the value of pre-merchantable timber
Va for any DBH class d € (0,D,,) can be calculated as

V, = PY(d) (7
where P is the discounted timber price and Y(d) is the yield. In a special case in which each

DBH corresponds to a separate age class, Pcan be expressed as

~ P
Fo = n@m—a (8)

More generally, the discount timber price method requires a judgement of the age gap between

the DBH classes, which affects the discounting factor in Equation 8.
Summing Total Timber Account

We assume that SYP at a DBH of 5 inches or greater is merchantable at the respective
pulpwood price, and SYP at the maximized LEV is merchantable at the sawtimber price."!!l Little
research exists on the upper boundary of size class and merchantability. It is possible that wood
mills have optimized machinery to accommodate stumpage near the maximum LEV, since
landowners are incentivized to achieve the highest present value of all forest rotations. We define

and consider what we refer to as “post-merchantable,” or stands that are likely never going to be

12
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harvested for timber, perhaps due to landowner preferences or other physical factors. Thus, we
choose a conservative upper bound of 10 years after maximum LEV for all SYP in order to reduce
the chance of overvaluing the timber account. Further, we assumed that the sawtimber price is
assigned to stands at the maximum LEV, or the optimal economic rotation (when the trees no
longer exceed the opportunity cost of capital and land) (Schlosser et al. 2023). It is possible that
some trees reach the sawtimber size-class sooner than LEV is maximized. To account for this, a
forest appraiser will make the distinction between percent of a timber sale that is pulpwood and
percent sawtimber, which can vary significantly between forest parcels under similar site-class
conditions. Under these assumptions, we use NFI data to estimate dominant forest-cover by species,
age, and volume in tons. Pre-merchantable values were assigned via the analysis described in the
previous section. Pulpwood and sawtimber values were assigned via an average of the last five

years of TimberMart South (TMS) price data (described below). Thus:

4 A A*+10
Total Account Value = Z V(a) + Z V(a) + Z V(a)
DBH=0 DBH=5 a=A*

Where V(a) is the value of timber at age a, when DBH ranges from 0 to 4 inches, and A” is the

age at the optimal rotation age (LEV).

Data

In total, there are 24.4 million acres of forest in Georgia, and 64% of the state is forested
(Lambert, et al. 2019); trees less than five inches in DBH constitute approximately 7.5 million
cubic feet or 9% of all volume (USDA FIA 2021)™. Loblolly-shortleaf pine is the most prevalent
softwood forest-type group, making up 30.5% of all forestlands. Oak-hickory is the most prevalent

hardwood forest-type (26.4%), followed by oak-gum-cypress, and mixed oak-pine forest (Lambert,

13
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et al. 2019). In general, forest ownership across the south is changing due to the divestiture of
timberland by forest industries and increasing acquisition of forestland by timber investment
management organizations and real estate investment trusts. Other land-use changes, such as

forestland conversion to agricultural land, have stabilized since 2016 in Georgia.

Price Data

We use price data from TimberMart-South (TMS), which releases a data product with
quarterly averages of stumpage prices for the U.S. South. Each southern state is broken into two
regional areas or basins (Figure 2). We used TMS price data to find the average price of pine
pulpwood and sawtimber for basin one (North) and two (South) of Georgia. TMS provides prices
in $/Scribner Decimal C thousand board feet (mbf, sawtimber) and $/cord (pulp). We converted
mbf to short tons, assuming seven short tons per mbf, and cords to short tons assuming 2.6 short
tons per cord. Conversion factors were taken from the TMS price report. We found that the recent
historical average price (2016-2020) of pine pulpwood was $9.38 (North) and $14.45 (South), and
pine sawtimber was $32.81 (North) and $39.77 (South), per ton. For simplicity, counties in region
three (the transition between the North and South basins) were included in the northern region.

Figure 2 Here

Forest Vegetation Simulator

The Forest Vegetation Simulator (FVS) is an individual-tree, distance-independent growth
and yield model developed and maintained by the USDA Forest Service (Davis 2002; Crookston
and Dixon 2005). FVS simulates forest stand dynamics in response to natural succession,
disturbances, and management activities. The model has been calibrated for specific geographic
regions of the U.S. through more than 20 regional variants, making it the national standard for

forest growth and yield modeling since the early 1980s. FVS projects tree growth, mortality, and

14
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stand development using empirically derived equations, and its outputs include timber volumes,
biomass estimates, and harvest yields. We use the Southern variant of FVS to project the growth

trajectories of pre-merchantable timber to merchantable size classes.

We tested varying calibrations of growth and yield using the FVS. Species included in this
analysis are loblolly pine (Pinus taeda), longleaf pine (Pinus palustris), shortleaf pine (Pinus
echinata), and slash pine (Pinus elliottii). Using growth and yield tables from Schumacher and
Coile (1960) we targeted expected trees per acre (TPA) to range from 55 to 95 at age 20 for each
SYP species at varying site indices (Appendix A, Table I). Via Vissage (2019), “Site index (SI) is
usually defined as the average total height that the dominant and codominant trees in fully stocked,
even-aged stands will attain at key ages.” In general, North Georgia has a lower site index, on
average, as compared to South Georgia. For this reason, we used a lower-bound site index of 55

(North) and 65 (South), to estimate conservative pre-merchantable timber values.*

FVS produces yield estimates in cubic feet per acre in five-year increments. It is possible
to run FVS in 1-year increments up until age 40, to produce estimated yields from 0-4 years, and
so on. We therefore ran each simulation from age 0 to 40 in one-year increments, and from 40 to
90 in five-year increments. We linearly interpolated volumes between each five-year increment,
although estimates of optimal rotation (LEV) occurred before 40 years of age and the upper bound

FVS projections were not needed. This may not be the case for all regional accounts in the U.S.

FVS provides estimates of merchantable volume (calculated as the volume from stump to
merchantable height), as well as other volume estimates (including branches and non-
merchantable volumes). We used estimates of merchantable volume in cubic feet per acre and

converted to tons per acre using a dry weight conversion factor via the University of Georgia Growth

15



Downloaded from by guest on August 10, 2026. Copyright 2026

and Yield Simulator (0.0126 cubic feet/ acre = 1 ton/ acre). In Figure 3, we provide yield in short

tons per acre for each species from age 0 to 35 for each region.
Figure 3 Here

Forest Inventory and Analysis Data

The FIA program conducts a national forest inventory to monitor forest health and estimate
forest productivity (Reams, et al. 2005). The sampling intensity is normally a 5-year cycle but can
vary depending on individual state funding levels. A permanent forest inventory and monitoring
plot is installed on those sampling points with a minimum of 10 percent cover with woody
vegetation capable of achieving 15 feet in height in-situ (USDA Forest Service 2023). We chose
2023 as the evaluation year, since this is the most recent year with estimates completed for all pilot

states.X!

The FIA database query used in these pilot accounts produced a dataset of forestland
acreage and merchantable bole bark and woody biomass of live trees in green short tons stand age
(in years) and forest type. The forest type is determined by a forest typing algorithm that uses the
degree of stocking of the dominant species encountered (May 1990). Additionally, the data were
categorized by whether the stand was regenerated by natural or artificial (i.e., planted) means. We
include both naturally regenerated and artificially planted stands, since we limit the query to
“timberland,” indicating that there was no restriction on harvest. FIA forest types used in the query
were: Longleaf Pine (0/41), Slash Pine (0/42), Loblolly Pine (0/61), and Shortleaf Pine (0162),
indicating that over 50% of the stand was stocked with each respective species. We exclude forest
types, such as Loblolly Pine/Hardwood (0406) and others, since this would introduce significant

bias in volume estimates (i.e., including significant volumes that are not SYP). Furthermore, the

16
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forest types that we did include may contain volumes that are not SYP, such as natural hardwood
regeneration within plantations with less-than-optimal vegetation management. We acknowledge

that there is a margin of error when using FIA data.

Further, normally the FIA program only considers trees with a minimum DBH of 5 inches
to be merchantable. For this stage of account development, trees with DBH of 1 inch to 4.9 inches
were considered pre-merchantable if they were one of the four SYP species that would plausibly
be merchantable in near-future years. The complete list of species groups and the species that fall
within each species group and complete descriptions of the variables mentioned can be found in

Burril, et al. (2021).

Results

Pre-Merchantable Numerical Example

To illustrate how the valuation methods compare, we work through a numerical example
for loblolly pine in South Georgia with a SI of 65. Table 1 presents the full calculations; here we
summarize the key inputs and results. Loblolly pine reaches merchantable size by age 12, or when
the DBH is approximately 5 inches (4, = 12). At that point, pulpwood is worth $14.45/ton (P =
14.45). Productivity is 0.41 tons per acre per year (g = 0.41). The assumed initial site establishment
cost is $10/acre (C = 10), and the annual cost is $5/acre. The total merchantable timber value via
the Strait-Line method is PAmg = 9.38 x 12 x 0.41 = $92.45/acre at age 12 and the constant annual
value change rate is § = (PA,,g — C)/A,,= $5.13/acre. So, age 1 class is worth V; = C + A0 =
$15.13/acre, age 2 class is worth $20.26, and so on (Table 1, Column I). To continue with this

example, the CAGR is calculated as = (PA,,g/C)4m —1 = (1445 x 495 / 10)V12 — | =

17
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17.82%. So, age 1 class will be worth V; = C(1 + n) = $11.78/acre, age 2 class will be worth
$13.88/acre, and so on (Table 1, Column J).

The primary difference between the discount price method, and the other methods is that
positive pre-merchantable values are not observed until yield is positive. Column B contains the
approximate timber yield data in tons/acre, where positive merchantable volumes are observed to
begin at age 4 ($12.27/acre). Column L has the pre-merchantable timber values using the discount
price method. Column E shows the immediate liquidation value calculated as PY(A4) = $16.80 at
age 4. Column F is the discounted timber value from the Faustmann rotation age backwards. LEV
is maximized at age 29 ($185.92/acre). Column G is the present value of annual cost as a
terminating annuity ($4.81/acre at age 12). Column H is the Holding Premium (HP) calculated as
the difference between Column E and Column F ($51.33/acre at age 12).

We apply a 4% real discount rate for all present value calculations. This rate falls within
the range of 4-6%, which is commonly used in the forestry economics literature for valuing
southern pine timberland investments (Straka and Bullard 1996). Real discount rates in this range
reflect expected returns on U.S. timberland investments, which have historically yielded 4-8% in
temperate regions (Cubbage et al. 2020). For official statistics, countries will generally use
discount rates between 2 to 4% (OECD 2025).%! A 4% rate is conservative relative to typical hurdle
rates used in private timberland transactions but appropriate for national accounting, where
consistency and comparability across asset classes are priorities. A higher discount rate would
decrease the per acre value and shorten the rotation length, which may be preferred by forest
industries who typically prioritize immediate financial gains. As an example, a 6% real discount

rate applied to loblolly pine in North Georgia, under the same constraints as the numerical example
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presented here, would shorten the rotation length to age 26, and maximize the LEV at $85.44/acre

(i.e.: shorten the rotation length by three years, and decrease the max LEV by $100.48).

Pre-Merchantable Species Comparisons

Table II (Appendix B) extends this analysis to all four southern yellow pine species in both North
and South Georgia using a 4% real discount rate. Regional differences are pronounced, in that the
South has higher site indices and higher stumpage prices, resulting in higher land expectation
values and shorter rotations across all species.

Loblolly pine has the highest LEV and shortest rotation, $75.06/acre at age 39 in the North,
$185.92/acre at age 29 in the South. Longleaf pine, despite its ecological importance and fire-
adapted properties, has the longest rotation. The LEV peaks at $40.93/acre (age 40) in the North
and $104.88/acre (age 37) in the South. Slash and shortleaf pine fall between these extremes, with
LEVs ranging from $56.40 (age 40, shortleaf, North) to $148.73 (age 33, slash, South).

Across all pre-merchantable methods straight-line produces the highest values, and
discount price the lowest. Because the discount price method assigns value based on actual timber
volume, it registers zero until trees begin producing measurable wood, typically between ages 3
and 6. By age 5 in the South region, loblolly has the highest discount price value ($22.62/acre),
followed by slash ($16.25/acre), then longleaf ($3.76/acre), and shortleaf does not have positive
merchantable volume until age 6. These differences reflect the differential growth rates, where
faster-growing species accumulate value sooner under the discount price method.

Of note, the holding value premium method is sensitive to assumptions. If the RHP differs
from 30% HP, the conclusion may change. For example, when RHP = 50% HP, the resulting pre-

merchantable timber values are highest among the four methods for certain age classes. However,
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even when RHP = 0, the resulting pre-merchantable timber values, which equal the liquidation
values, are no less than those from the discount price method. Thus, the discount price method is
the most conservative for pre-merchantable timber valuation. This conservatism reduces the risk

of overstating timber assets on the national balance sheet.

Total Timber Account Value

Applying the discount price method to Georgia’s southern yellow pine, we estimate the total timber
account value at $5.93 billion in 2023 (Table 2). Sawtimber, trees large enough for lumber, account
for the bulk of the account value at $4.96 billion. Pulpwood contributes $732 million, and pre-

merchantable timber adds $237 million.

Among pre-merchantable stands, loblolly represents approximately 14 million tons (Mt),
equaling about 64% of pre-merchantable volume. The slower growing species represent a smaller
proportion of the account. Slash equals 6.2 Mt and longleaf 1.8 Mt, equaling a combined 37% of
the account volume. Loblolly also leads in pulpwood (25 Mt) and sawtimber (135 Mt). Shortleaf
pine does not appear in the pre-merchantable account, because no stands in Georgia were observed

to be predominantly stocked with young shortleaf.

Table 3 presents these results in the SEEA asset account format. The opening stock for
2023, 257.7 million tons valued at $5.93 billion, represents the snapshot from this pilot. The table
distinguishes what we estimate (white cells) from what requires further research (grey cells).
Populating the grey cells would complete the dynamic account. “Additions” would capture natural
growth, while “reductions” would reflect harvests, mortality, and land-use conversion. FIA already
collects the underlying data on growth, removals, and mortality, and land-use conversions; future

work could apply these to track year-over-year changes. “Revaluations” would capture price
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fluctuations, an important component given the volatility of stumpage markets. The closing stock

becomes the following year's opening stock.

Limitations

Constructing this pilot account requires navigating several data challenges, which we document
here to aid replication and scaling to other regions. The first involves age-zero plots. FVS plots
showed age zero with live biomass present. Investigation revealed two causes: some plots were
recently planted with pine seedlings but classified as other forest types due to residual trees, while
others were recently harvested stands not yet replanted. In both cases, the biomass reflected legacy

trees rather than new growth. We addressed this by assigning zero value to any biomass at age zero.

A second limitation involves the upper bound of merchantability. At the upper end, we
assume trees become post-merchantable 10 years after optimal rotation. SYP that becomes larger
than 18-24 inches in DBH needs extra processing before acceptance at the mill, since the logs are
too large for standard mill equipment. In addition, it is possible that SYP beyond maximum LEV
was likely never going to be harvested for timber, due to landowner preferences or other physical
factors. Future research could refine these bounds using observed regional harvest data and mill
specifications. The cut-off in this pilot account removes tree volumes that are likely to never be
harvested, revealing a modest timber account estimate. Yet, future research could take a more
nuanced approach using econometric or other methods, which may help model or predict likely

post-merchantable stock.

Scaling from this Georgia pilot to a national timber account requires three primary data
inputs: (1) forest inventory data on standing timber stocks by species, age, and size class; (2)
growth and yield projections for pre-merchantable volumes; and (3) regional stumpage prices by
product class. Two of these components, FIA and FVS, can be readily extended to national
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coverage, but prices present a significant challenge in some regions, particularly regions where

timber markets are less active.

The Forest Inventory and Analysis (FIA) program provides comprehensive forest inventory
data for all 50 states with nationally consistent protocols (Bechtold and Patternson 2005). FIA’s
annualized inventory design, mandated by the 1999 and 2014 Farm Bills, now delivers annual
state-level estimates of timber volume, growth, removals, and mortality. These physical inventory
data are immediately available for constructing timber accounts nationwide. The Forest Vegetation
Simulator (FVS) provides growth and yield modeling capability across the entire U.S. through 20
geographic variants calibrated to regional species and growing conditions (Dixon 2002; Crookston
and Dixon 2005). FVS can generate the pre-merchantable timber projections needed to apply the

discount timber price method in any forested region.

The primary challenge for national expansion is to assemble readily available, consistent
stumpage price data. The U.S. lacks a unified national stumpage price database, but regional price
reporting does exist. TimberMart-South provides quarterly stumpage prices for 11 southern states
with historical data extending back to 1976. Timber Mart North provides semi-annual stumpage
prices for the Lake States (Michigan, Minnesota, and Wisconsin) based on public timber sales. The
USDA Forest Service Pacific Northwest Research Station publishes annual stumpage prices from
public timber sales in Washington, Oregon, California, Idaho, Montana, and Alaska (Warren 2003).
In the Northeast, individual states maintain their own price reporting programs, Maine, New
Hampshire, Vermont, New York, and Pennsylvania all publish stumpage prices, though with
varying frequency (annual to quarterly) and methodologies (Sendak 1994; Irland et al. 2001). For
a national account, a national price database would need to be assembled and maintained in order

to apply the proposed method consistently over time. This is not an insurmountable obstacle for
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scaling, but may require second-best options for valuation that still fall within the boundaries of
the accounting standards. For example, when markets are thinner and price data are scarce, the
accounting standard recommends using market price equivalents or prices from nearby regions

with thicker markets (with appropriate adjustments for quality and other differences).*

Given current data infrastructure, annual timber accounts could be constructed for the
South (11 states) and Lake States (3 states) using existing systematic price reporting. Extension to
the Pacific Northwest would require either using public timber sale prices as proxies for private
stumpage values or converting delivered log prices to stumpage equivalents by subtracting logging
and hauling costs. A complete national account would benefit from greater coordination of existing
state-level price reporting efforts or development of standardized price collection protocols that

could be integrated with FIA’s existing survey infrastructure.

Discussion

As a back-of-the-envelope comparison, we can compare our initial pilot results for Georgia to asset
values of timber from a timber-producing neighboring country, Canada, that currently includes
timber among its natural resource assets on its national balance sheet. Georgia’s timber account
totaled approximately $5.9 billion in 2023, with pre-merchantable contributing $257.7 (4.4% of
the total). For its national estimate, Canada reported $267 billion in 2023 (Statistics Canada
2025).%¥ Georgia would represent about 2% of Canada’s national total. While direct comparison
is limited by differences in geography, species composition, and methodology, Georgia’s estimate

appears reasonable for one of the leading timber-producing states in the U.S.

The 4.4% share for pre-merchantable timber reflects Georgia’s current age distribution, but

this ratio will fluctuate over time. Natural growth shifts stands from pre-merchantable to
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merchantable categories, while harvesting, mortality, and land-use conversion remove volume.
Silvicultural practices like thinning and natural disasters like hurricanes can alter the age structure
significantly. A dynamic account tracking these changes would capture how timber wealth evolves

from year to year, which could be very useful to policymakers and a variety of other users.

Our estimate represents the potential value of standing timber, not expected sale revenue.
On the supply side, tree form, accessibility, and proximity to mills affect whether timber can be
economically harvested. Landowner preferences, such as enrollment in deferred harvest programs,
determine whether timber is offered. Demand side factors, including housing and market
conditions, mill capacity and inventory, and trade policies also limit harvest decisions. Our account

captures timber available for wood supply but does not model these constraints.

Future research could refine the production boundary. LIDAR and other remote sensing
tools could identify trees with structural defects or poor form, enabling volume to be disaggregated
by product type. Satellite imagery combined with FIA data could better isolate target species from
mixed stands. These refinements would narrow the gap between account values and realizable
market value. For now, our method should be interpreted as estimating an upper bound on timber
wealth; what stands could be worth if brought to market. If the assets are not brought to market,
either by ageing out into post-merchantable stock or being destroyed by disasters or any number

of reasons, our method does not factor in this kind of uncertainty into the final estimates.

Beyond production boundary considerations, the distinction between cultivated and natural
biological resources in the SEEA framework has implications for interpreting this timber account.
The SEEA Central Framework distinguishes between cultivated timber resources, where active
management constitutes economic production, and natural timber resources in uncultivated forests

(United Nations 2014). For cultivated forests, such as intensively managed pine plantations
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common in Georgia, natural growth is treated as work-in-progress and recorded as output of the
forestry industry. In contrast, growth in uncultivated forests is recorded as “other changes in assets”
rather than production (FAO 2024). In the World Bank’s comprehensive wealth framework,
national wealth comprises produced capital, human capital, natural capital, and net foreign assets
(World Bank 2021). Timber from managed plantations embodies elements of both produced capital,
reflecting investments in site preparation, planting, and silvicultural treatments, and natural capital,
since biological growth remains fundamentally a natural process. Given that Georgia’s timber
resource is dominated by managed pine plantations receiving substantial silvicultural inputs, the
timber asset value reported here reflects a blend of natural growth processes and human capital

investments in forest management.

Conclusion

Timber is a substantial input into to the national economy and is an important asset; yet, like other
natural resources, the U.S. does not currently account for it on the national balance sheet. This
paper helps addresses this gap by developing a method that uses U.S. data to estimate the asset
value of a stock of timber in a major timber-producing state, Georgia. The new method, the
discount timber price approach, proceeds in two steps by 1) valuing the stock of merchantable
timber in Georgia using a consumption value method and 2) valuing pre-merchantable timber that
represents a work-in-progress inventory. Conceptually, the method values young stands at their
expected harvest price, discounted for the time until they reach merchantable size. The pilot
account demonstrates that this approach requires only standard forest inventory data and market
prices, making it practical for broader implementation.

Compared with alternative methods, the discount timber price approach offers two
advantages: straightforward implementation and conservative estimates. Conservativeness and
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accuracy are desirable for national accounting, as overstating asset values carries substantial risk
to the credibility of official statistics. Methods that do not differentiate between pre-merchantable
and merchantable timber, such as the stumpage price method, can overstate the current stock by
effectively treating mature and immature timber as having the same value. Thus, as relatively
granular data becomes increasingly available in the 21% century, our approach provides a
straightforward way to exploit richer data to produce more accurate valuations of timber assets.

Applying this approach to southern yellow pine in Georgia, we estimate total timber assets
of $5.9 billion, with pre-merchantable timber contributing $257.7 million. Loblolly pine dominates
the account, reflecting its faster growth and shorter rotation length relative to longleaf, slash, and
shortleaf pine. The method can be extended to other species and regions. Consistent application
across states would enable aggregation to a national timber account and facilitate international
comparisons.

However, timber represents only one component of forest value. Forests also provide
carbon sequestration and storage, watershed protection, wildlife habitat and recreation (Costanza
et al. 1997). Accounting for these additional services, many of which lack formal markets, will be
important for future natural capital accounting efforts to value in a way consistent with the national
economic accounts. A complete national balance sheet would include timber alongside these other
values.

Overall, this pilot demonstrates that existing data can support timber valuation at state and
regional scales; the primary barrier is assembling consistent price data across all forested regions.
Closing that gap would help align U.S. national accounts with other countries that currently

account for timber and other natural resources as part of national wealth, while at the same time,
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provide valuable information to policymakers and the public about natural capital assets and their

role in the broader economy.
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Tables:

Table 1: A numerical example of pre-merchantable timber valuation for a loblolly pine plantation (North Georgia, Site Index = 65). DCF for discounted cash flows, annual cost (administration cost, property tax, and
land opportunity cost) is $5 per year, CAGR is the compound annual growth rate, 0.3 HP for 30% realized holding premium for pre-merchantable timber. Land expectation value (LEV) is calculated with a discount
rate of 4%, a site establishment cost of $10/acre, and a timber price of 89.38/ton. LEV is maximized at age 29. The minimum merchantable timber age is 13 (pre-merch age ends at age 12).

A B C D E F G H 1 J K L

Pre-merchantable timber value

Age Tons/Acre Merch Cu/Ft (FVS) LEV Liq value DCF value Annual Cost Holding Premium Strait-line CAGR 0.3 HP Disc price
1 0.00 0 -260.00 0.00 82.96 46.93 36.03 15.13 11.78 10.81 0.00
2 0.00 0 -132.55 0.00 86.28 43.80 42.47 20.26 13.88 12.74 0.00
3 0.00 0 -90.09 0.00 89.73 40.55 49.17 25.39 16.36 14.75 0.00
4 1.16 92 30.02 16.80 93.32 37.18 39.34 30.53 19.27 28.60 12.27
5 2.06 163 81.22 29.76 97.05 33.66 33.62 35.66 22.71 39.85 22.62
6 2.46 195 86.51 35.61 100.93 30.01 35.32 40.79 26.75 46.20 28.14
7 2.78 220 85.50 40.17 104.97 26.21 38.59 45.92 31.52 51.75 33.02
8 3.40 269 96.13 49.12 109.17 22.26 37.79 51.05 37.14 60.45 41.99
9 3.66 290 91.47 52.95 113.53 18.15 42.43 56.18 43.76 65.68 47.07
10 4.06 321 91.22 58.61 118.08 13.88 45.59 61.31 51.56 72.29 54.19
11 4.69 371 97.04 67.74 122.80 9.43 45.63 66.45 60.75 81.43 65.14
12 4.95 392 92.45 71.58 127.71 4.81 51.33 71.58 71.58 71.58 71.58
13 5.57 441 96.04 80.52

14 6.39 506 102.61 92.39

15 7.33 580 109.74 105.90

16 8.48 671 118.89 122.52

17 9.77 773 128.35 141.14

18 11.18 885 137.78 161.59

19 12.67 1003 146.43 183.14

20 14.19 1123 153.75 205.05

21 15.77 1248 160.38 227.88

22 17.27 1367 164.90 249.60

23 19.05 1508 171.16 275.35

24 20.73 1641 175.27 299.63

25 22.40 1773 178.34 323.74

26 24.13 1910 181.12 348.75

27 25.88 2049 183.34 374.13

28 27.63 2187 184.79 399.33

29 29.41 2328 185.92 425.08
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Table 2: Timber asset volume in million metric tons and value in millions of dollars by species and class.
The total opening stock value for Georgia, including all classes, is approximately 5.9 billion dollars.

(Opening) Stock of Timber Assets by Species and Class, Valued by Discount Price Method

Physical (Mt) Monetary (millions of $)
2023 (Sum = 258 Mt) (Sum = $5,927 millions)
Pre- Pre-
merch. Pulpwood Sawtimber merch. Pulpwood Sawtimber
Loblolly Pine 14 25 135 \ 139 302 3,650
Slash Pine 6 21 43 \ 76 305 1,215
Longleaf Pine 2 9 2 \ 22 125 66
Shortleaf Pine - 0 1 \ - - 27
Totals 22 55 181 237 732 4,958

Table 3: SEEA physical and monetary asset account framework for timber. A simplified timber asset account
table, based on SEEA CF table 5.15 and 5.16. Note that the opening stock values are each the sum of the
corresponding column from table 2.

Simple Stylized SEEA Physical and Monetary Asset Account Framework for Timber

2023 Physical (Mt) Monetary (millions of $)
Pre-merch.  Pulpwood  Sawtimber Pre-merch. Pulpwood  Sawtimber
Opening stock ‘ 22 55 181 ‘ 237 732 4,958
Additions ‘ ‘
Reductions ’ ‘

Revatuasions | N N

Closing stock ‘ ‘
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Figure Captions:

Figure 1: A stylized visualization of the timber resource available for wood supply. Considerations for the
production boundary can include road accessibility, tree form, and other factors. In our analysis, we stop
at trees that are preferred for wood products. The production boundary will uniquely define the timber
account.

Figure 2: Timber Mart South (TMS) regions. We refer to Region 1 as North Georgia, and Region 2 as
South Georgia. There is a transition zone between the regions (Region 3). TMS averages the prices
between Region I and Region 2 for these transition counties. We use the estimates for Region 1 and
Region 2, and counties in Region 3 were included in Region 2 for simplicity.

Figure 3: Yield in short tons per acre for each southern yellow pine species by region. Yields were
produced via the Forest Vegetation Simulator (FVS) version FS2025.1
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Endnotes:

i In the U.S., the Federal Reserve and the Bureau of Economic Analysis (BEA) collaborate to produce the Integrated
Macroeconomic Accounts that tracks aggregate wealth, which includes balance sheets of different types of assets
(i.e., produced, non-produced, financial and non-financial assets). The “national balance sheet” is the more generic
term used internationally, such as in the System of National Accounts (SNA). We use these terms interchangeably.

i Analogously, firms in the private sector track the value of their assets like machinery and buildings, treating
depreciation of these assets as a cost of production.

i According to a 2025 UN Global Assessment of the state of environmental-economic accounts, more than 98
countries have already begun developing and implementing environmental-economic accounts since the SEEA
Central Framework was approved by the U.N. Statistical Commission in 2012.

¥ 1t is also important to delineate at the outset what this pilot account does not measure; it is not a forest ecosystem
account, nor is this an attempt to value the full range of economic benefits forests provide. The goal of a timber
account is to measure and value currently standing trees and the timber resource they represent.

"Southern yellow pine (SYP) is a collective term encompassing longleaf (Pinus palustris), shortleaf (Pinus
echinata), loblolly (Pinus taeda), and slash pine (Pinus elliottii). When cut into lumber these species are almost
indistinguishable (Forest Products Laboratory 1936).

v See also Bagstad, et al. (2021) and Muller, et al. (2025) for summaries of this line of research on pilot environmental-
economic accounts in the U.S. and the importance of measuring natural capital.

Vit Note that trees in protected areas such as parks have value tracked in the national economic accounts in other ways
(e.g., visitor fees); but, because it cannot be logged, this stock does not represent value for timber and is out-of-scope.
Vil Using estimates from FVS we found that the average loblolly stand reaches pulpwood size on SI 55 at age 13,
and SI 65 at age 12; longleaf on SI 55 at age 19, and SI 65 at age 17; slash on SI 55 at age 17, and SI 65 at age 16;
shortleaf on SI 55 at age 17, and SI 65 at age 16. In addition, we checked these findings against the University of
Georgia Growth and Yield Simulator for loblolly and slash pine and found the same result.
(https://pmrc.uga.edu/simulator/)

X This was quantified using the 2021 FIA data. Observations for the 2021 dataset were made between 2017 and
2021.

* Empirical averages of site index are significantly higher. For all timberland, the mean site index is 82 and 85,
respectively, in northern and southern Georgia (USDA FIA).

*i Bvaluation year uses the moving average of the previous 5-years of data for each state; see Bechtold, et al. 2005
for details on the use of the moving average.

*it The OECD’s (2025) reported the following: “A survey was conducted of the [Expert Group on Natural Capital]
members, [which] found that most use real discount rates (although two countries use nominal rates); and most use
stable discount rates in the form of a single rate for the whole forecast period, while one country (the UK) uses a
stable and declining discount rate. For those countries using real discount rates, the rates used were around 3.5% to
4%...” (paragraph 168).

*ii See Chapter 4 of the 2025 SNA, particularly paragraph 4.136, for more details on how to determine exchange
values or prices when market data is less than ideal (UN et al. 2025).

*iv Natural Resource Assets, 2012-2023: https://www150.statcan.gc.ca/n1/daily-quotidien/241120/cg-c001-eng.htm
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