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Abstract: Are common stocks issued by timberland companies a good investment? Portfolios of
large US timberland corporations are compared to simultaneous investments in a diversified US
common stock index. Over a 20-year sample period it turns out that the US timberland corporations,
on average, perform about as well as the highly diversified US stock market index. It is surprising
that the timberland companies do not outperform the stock market indexes because, in order to
encourage tree planting, the US Congress has almost completely exempted timberland companies
from paying federal income taxes. Furthermore, it is scientifically impossible to assess the value of
the large amounts of photosynthesis that the timberland companies produce. As a result of these two
ambiguities, it is difficult to state decisively that the timberland companies are better investments
than a diversified portfolio of common stocks. However, valuing timberland companies is more
practical than endeavoring to value the trees directly.

Keywords: timberland companies; real estate investment trusts; portfolio theory

1. Introduction

This paper analyzes the financial economics of investing in US timberland companies.
Markowitz’s Nobel prize-winning portfolio theory is formulated to serve as our decision-
making tool.

The US is one of the world’s largest producers of timberland (BizVibe 2020). Previous
studies suggested that US timberland investments typically yield good risk-adjusted rates
of return (Swensen 2009; Zhang 2021). Unless something unusual happens, US timberland
usually appreciates 5 to 10% per year. Growing concern over the world’s environment
suggests that carbon capture1 and the increasing growth of the timberland industry2 might
provide good paths to improving the earth’s atmosphere.3 For these reasons, the popularity
of timberland investing in the US has continued to increase (see National Association of
Real Estate Investment Trusts (NAREIT) 2023; Securities and Exchange Commission (SEC)
n.d.; Swensen 2009).

Timberland attracts buy-and-hold investors. Active traders are not usually attracted
to take timberland positions because the timberland prices tend to equal the present value
of the future timber harvests. These present values are not highly volatile because both
a nation’s tree harvests (the PV numerator) and the appropriate discount rate (in the PV
denominator) are not very volatile. The discount rate on future tree harvests changes
gradually because it is determined primarily by the market interest rates on long-term
bonds, the rate of inflation and Federal Reserve monetary policies that tend to smooth
price fluctuations.

Ellefson and Kilgore published an in-depth study of the structure and organization of
the timberland industry (Ellefson and Kilgore 2010). Cubbage, Kaniesky, Rubuilar, Bussoni,
Olmos, Balmelli, Donagh, Lord, Hernandez; Zhang, et al. expanded the area of inquiry to
include global timber investments (Cubbage et al. 2020). Additionally, in 2020, Chuddy and
Cubbage suggested timberland be considered to be an asset class (Chuddy and Cubbage
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2020). Based on the findings of these previous studies, this paper investigates two decades
of US empirical data to analyze investments in timberland companies. Important new
financial developments such as real estate investment trusts (REITs), timberland investment
management companies (TIMCOs) and related structures are also analyzed (Zhang 2021).

The purpose of this study is to ascertain whether or not US timberland companies
are good investments and also, to a limited extent, to assess the impact of the timberland
industry on society. Large, diversified portfolios of US timberland companies are studied.
This inquiry does not investigate homes, small plots of land and other types of property that
are not listed and traded on a stock exchange because these investments are less fungible.

The timberland analyzed here includes growing trees of any size that are suitable to be
managed for timber harvesting over a long period of time. The samples include land that
may have been naturally or artificially regenerated for recurrent growing and harvesting of
marketable trees.4

This introductory section provides background information. Section 2.1 explains the
methodology used by the National Council of Real Estate Investment Fiduciaries (NCREIF)
to create several different real estate price indexes. NCREIF draws on information from
over 12 million acres of private property. Section 2.2 introduces real estate investment
trusts (REITs) and discusses the increasingly important role REITs have assumed in the
US timberland industry in recent decades. Then, 10 large US wood processing companies
that own timberland are introduced. The following sections contrast the profitability
of investing in timberland companies with the profitability of investing in a diversified
portfolio of US common stocks.

Regression analysis is a statistical tool used in this paper to analyze the empirical
timberland returns. Section 3 discusses statistical results. Section 4 introduces portfolio
analysis tools—created by Markowitz (1952, 1959), Sharpe (1963, 1964, 1966), and others
(Treynor 1965; Treynor and Black 1973)—that are used to rank the desirability of different
timberland investments. Section 5 contains four conclusions suggested by this research.

2. Methodology

This section introduces nation-wide sources of timberland data and explains the
statistics calculated from these data.

2.1. The National Council of Real Estate Investment Fiduciaries (NCREIF)

NCREIF is a large, well-known organization that collects private data quarterly from
every data-providing member, analyzes the data, and publishes reports that are useful to
NCREIF members and non-members alike.5 At present, NCREIF requires a minimum of
$50 million assets under management (AUM) to become a data-providing member. In its
earlier years, NCREIF accepted members with smaller portfolios.

2.1.1. NCREIF Fundamentals

Table 1 summarizes how a few property owners got together in 1987 and formed a
non-profit information-sharing organization named NCREIF. Today, NCREIF maintains
several different real estate indexes, but we focus on only the timberland index.

Table 1. Statistics about NCREIF’s Assets Under Management (AUM).

Year 1987 2022

Number of NCREIF properties 5 properties 464 properties

Aggregate NCREIF acreage 39,452 acres 12,431,918 acres

Average NCREIF property size 7890 acres 26,973 acres
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2.1.2. NCREIF’s Timberland Index

The information content in a good market index can help investors make rational
investment decisions. The purpose of the NCREIF Timberland Index is to provide informa-
tion to NCREIF’s data-providing members and its subscribers about the current value of
their property holdings. The NCREIF Timberland Index is a market-value-weighted index
that is based on appraisals, instead of market determined prices. NCREIF keeps track of the
timberland properties owned by its data-providing members. These members are required
to maintain up-to-date audited records that use fair market value accounting principles
instead of book-value accounting. This information enables NCREIF to publish current
information by using the latest information it collects from its data-providing members.
Today, NCREIF compiles information from one of the largest timberland portfolios in the
US, and one of the oldest.6 However, compared to more recent developments, NCREIF is
no longer the most prominent source of information about real estate prices.

2.1.3. Issues with the NCREIF Timberland Index

The remainder of this paper analyzes monthly returns from the University of Chicago’s
Center for Research in Security Prizes (CRSP) database. NCREIF data differ from CRSP
data in four respects. First, the companies in the CRSP database are all profit-maximizing
corporations, while NCREIF is a non-profit organization that surveys only those timberland
investors that choose to join NCREIF. Second, the average returns and the variances of
returns from the NCREIF index tend to be smaller than similar statistics from the CRSP
data. This is because NCREIF uses appraised values. Appraised values vary less than
the market-determined CRSP prices.7 Third, anchoring bias causes the returns from the
NCREIF appraisals to have smaller standard deviations than standard deviations computed
from market-determined returns (Chapman and Johnson 2002; Sherif et al. 1958). Fourth,
most of the CRSP returns are from the stocks issued by leveraged corporations. In contrast,
the NCREIF returns are either not leveraged, or else they report unleveraged data to
NCREIF. Because of these differences, it is not entirely appropriate to compare the returns
from the NCREIF index with returns from the CRSP database. A limited amount of NCREIF
data is illustrated in Figure 1 below, because the NCREIF price index has been followed
by numerous real estate owners and property managers for many years. However, all the
returns from the various timberland companies discussed below are market-determined
CRSP monthly returns, rather than quarterly appraisal-based returns. The CRSP returns
from different investments are more comparable with each other than they are with the
unique NCREIF returns.

2.2. Real Estate Investment Trusts (REITs)

A REIT is like a mutual fund that invests only in real estate. More generally, REITs
are companies that own and operate a diversified portfolio of real estate investments that
produce rent and other types of income for the REIT owners. In 1960, President Eisenhower
signed a law stipulating that US REITs are exempt from federal corporate income taxes.
Another law requires every REIT to pay at least 90% of each year’s annual income as cash
dividends to its shareholders. All cash dividends a REIT pays to its investors are fully
taxable at the ownership level. Instead of being subject to the double taxation that most
US corporations face, REIT investors’ income is hardly taxed at all at the federal level. The
tax-exemption that REITs enjoy at the corporate level is sufficient to motivate some timber
companies to reorganize to become a REIT.8 Making timberland REITs largely exempt from
federal income taxes also helps stimulate their growth.
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Figure 1. Illustration of five different investment paths, 2003–2022.

2.2.1. The Structure of REITs

REITs offer investors both portfolio diversification and a large amount of federal
income tax-exemption. In order to gain tax exemption from US federal income taxes, a REIT
must comply with the following provisions in the US Internal Revenue Service (IRS) code.

• Derive at least 75% of the REIT’s gross income from real estate rent, from interest on
mortgages that finance real estate, or from their real estate transactions;

• At least 75% of the REIT’s total assets must be invested in real estate, cash, or US
Treasury securities;

• Pay out to the REIT shareholders every year at least 90% of the REIT’s income in the
form of cash dividends that are subject to income taxes;9

• Be managed by a board of directors or trustees;
• Be a company that is organized and taxed as a corporation;
• Have at least 100 shareholders after the first year of existence;
• Have no more than 50% of its shares held by five or fewer shareholders.

2.2.2. Three Timberland REITs

Table 2 lists three large US timberland REITs. These large REITs also manage additional
acreage owned by other REITs and/or non-REITs, and they receive fee income for their
managerial services.

Weyerhaeuser is the largest private timberland owner in the US.10 In order to reduce
its federal income taxes substantially, in 2016 Weyerhaeuser took one of several major steps
to transform the company into more of a pure play timberland REIT. In 2016, Weyerhaeuser
sold its cellulose fibers division to the International Paper Corporation for $2.2 billion
(Smith 2016). More specifically, Weyerhaeuser sold seven factories that produce fiber, which
is used to make products such as paper, diapers, and tissues. This sale helped Weyerhaeuser
conform with the IRS requirements to become a tax-exempt REIT.
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Table 2. The three largest publicly traded timberland REITs.

Corporation Listed Ticker
Symbol

HQ
Location Website Acres Owned

Weyerhaeuser
Co. NYSE WY Seattle, WA,

USA
www.weyerhaeuser.com
(accessed on 21 May 2024) 10–12 million

Rayonier, Inc. NYSE RYN Wildlight, FL,
USA

www.rayonier.com
(accessed on 21 May 2024) 2.4 million

PotLatchDeltic
Corp. NYSE PCH Spokane, WA,

USA
www.potlatchdeltic.com
(accessed on 21 May 2024) 1.8 million

2.2.3. Tree Care

Every business needs to be profitable to survive. But the profit motive does not seem
to stop many timberland owners from spending large amounts on activities to enhance the
environment. Some policies of the Weyerhaeuser Corporation, for example, are discussed
below because Weyerhaeuser makes more information available to the public than other
timberland investors.

• Weyerhaeuser is a dues-paying member of the Forest Stewardship Council (FSC),
the Sustainable Forestry Initiative (SFI), and some similar trade groups.11 The FSC
is an international non-profit organization that promotes responsible management
of the world’s forests via timber certification. This organization uses a market-based
approach to implement its international environmental policies. In contrast, the SFI
is a sustainability organization operating in the US and Canada that works in four
directions: set standards, conservation, community relations, and education. SFI also
operates two youth education initiatives, named Project Learning Tree and Project
Learning Tree Canada. Weyerhaeuser certifies that 100% of its timberlands and wood
products conform to SFI standards.12

• Carbon is one the main ingredients in tree trunks, branches, roots, and leaves. Wey-
erhaeuser estimates that its trees remove the equivalent of 32 million metric tons of
carbon dioxide per year from the world’s atmosphere. Stated differently, Weyerhaeuser
estimates that its timberlands provide atmospheric benefits equivalent to taking 7
million automobiles off the US roads every year.

• Weyerhaeuser estimates that its trees remove more than four times the amount of
carbon dioxide that its aggregate corporate operations create and emit each year. This
makes the Weyerhaeuser Corporation a consistent major net negative carbon citizen.

• When Weyerhaeuser reforests its land, it follows good forestry guidelines to maximize
the growth and sustainability of the new forest.

• Weyerhaeuser does not harvest the trees growing along the edges of its lakes and
streams because these are areas where wildlife is most active.

• Weyerhaeuser publicly sells permits to camp, hunt, and fish on most of its land.
• Weyerhaeuser plants between 130–150 million tree seedlings each year.
• Weyerhaeuser harvests only about 2% of its 10–12 million acres of timberlands each

year, and most of the harvested acreage is reforested within one year. Weyerhaeuser
owns virtually no barren land.

Many small-scale tree farmers and individual loggers are less conscientious than the
Weyerhaeuser Corporation. However, conversations with them reveal that they too have
some affection for their trees.

2.2.4. Significant Characteristics of REITs

The first noteworthy characteristic of timberland REITs is the size of their timberland
holdings. Each of the three REITs listed in Table 2 is large enough to give them access to
economies of scale unavailable to most lumber companies. Two additional advantages are
also noteworthy.

www.weyerhaeuser.com
www.rayonier.com
www.potlatchdeltic.com
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Second, REITs’ almost total (as much as 90%) exemption from corporate income tax
has a tax advantage over non-REIT investments, which are subject to double taxation at
both the corporate level and at the investor level. If everything else is equal, double taxation
makes investments in non-REITs less attractive than investing in REITs.

Third, timberland REITs produce more lumber and the associated photosynthesis
than other companies simply because the REITs own more timberland. For example, in
its company literature, Weyerhaeuser explicitly discusses the fact that its large timberland
holdings and the accompanying production of photosynthesis improve the quality of life
for every mammal on earth by improving the atmosphere. Other timberland REITs rarely,
if ever, discuss photosynthesis.13

2.2.5. Trends in the Timberland Industry

During the 1950s, most US timberland was owned by government agencies, private
wood processing companies and nonindustrial private forest owners. Some private owners
formed master limited partnerships (MLPs) to hold their timberland. During the 1980s
the early timberland investment management companies (TIMOs) began buying small
private plots of timberland and thereby inserting some distance between the blue-collar
loggers and the white-collar investment managers. During the 1990s, REITs begin buying
up the existing timberland MLPs to further separate the loggers from the investors. During
the following decades, these trends accelerated and have institutionalized a white-collar
timberland management industry.

REITs and timberland investment management companies (TIMOs) differ in a num-
ber of respects. Nevertheless, they are still similar institutional timberland investment
management arrangements that have both grown rapidly for decades as they competed to
take over the US timberland industry.14 The growth of REITs and TIMOs is probably what
enables the US to produce and export more timber than Russia, even though Russia has
more forest land than the US (BizVibe 2020).

2.3. Empirical Statistics from the Timberland Returns

The total rate of return from a timberland company is denoted rt. These holding period
returns include any gain or loss from a change in the investment’s market price, plus any
cash flow income earned during that holding period (such as cash dividends, rental income,
or interest income), all divided by the purchase price at the beginning of the holding period,
as shown in Equation (1).

rt =

(
Ending

price

)
−

(
Beginning

price

)
+ (Cash f low income, i f any)

Purchase price at beginning o f holding period
(1)

An investment’s excess return equals the total return in Equation (1) minus a simulta-
neous riskless interest rate. Monthly returns from the 30-day US Treasury bill were used to
compute the excess returns, denoted xrt in Equation (2).

xrt = rt − irt (2)

Except for NCREIF data, all the rate of return statistics starting from Table 3 were
calculated from monthly total returns obtained from the University of Chicago’s Center for
Research in Security Price’s (CRSP’s) database.

Regression Equation (3) defines William Sharpe’s (1963, 1964) single-index mar-
ket model.

xri,t = αi + βixrM,t + ei,t E(ei,t) = 0 for t = 1, · · · , T (3)

The excess monthly returns from asset i, denoted xrit, are regressed onto the excess
returns of a highly diversified stock market index, denoted xrMt, over t = 1, 2, . . . 240
consecutive months. The highly diversified stock market index is created and publicized
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by Roger Ibbotson in Stocks, Bonds, Bills, And Inflation, 2023; new editions are published
annually (Ibbotson 2023). Table 3 contains summary statistics. The information in Table 3 is
compared to similar statistics from a diversified US stock market index below, after another
important segment of the timberland industry is introduced.

Table 3. Statistics from common stock and timberland investments, January 2003–December 2022.

Statistic
Ibbotson
Stock
Market Index

WY
REIT

RYN
REIT

PCH
REIT

3-REIT
Portf. *

10-Stock
Portf. *

NCREIF

Arithmetic annual
total return,% 10.99% 10.89% 14.65% 15.10% 12.24% 12.40% 7.01%

Annual geometric
mean total return,% 9.80% 5.99% 11.54% 11.17% 9.15% 9.06% 6.98%

Mean
monthly
total return

0.0087 0.0086 0.0114 0.0118 0.0096 0.0098 0.0056

Standard
deviation 0.0426 0.0860 0.0676 0.0768 0.0680 0.0714 0.4261

Skewness −0.596 −0.293 −0.362 0.061 −0.268 0.169 1.643

Beta, βi NA 1.427 0.949 1.171 1.185 1.382 −0.007

Sharpe ratio 0.1880 0.0814 NA NA 0.1177 0.1139 NA

Treynor ratio 0.0071 0.0070 NA NA 0.0080 0.0059 NA

* WEIGHTING: Equal weights are used for portfolios of multiple companies. A weighted average was not used
because the sizes of the companies vary substantially. For example, compare the acreages in Table 2. NAMES:
Weyerhaeuser (WY); Rayonier (RYN); PotLatchDeltic (PCH).15

2.4. The Wood Processing Industry

Wood processing companies buy timber and also raise some of the timber they use. This
timber is used to manufacture lumber, homes, furniture, paper, and other wood byproducts.

Tables 4 and 5 display information about 10 publicly listed and traded companies that
process wood and wood products. Each of these 10 large corporations employs thousands
of workers and sells their products to the public and other firms.

Table 4. Ten wood processing companies, January 2003–December 2022.

Corporation Listing
Exchange Ticker Symbol HQ Location

American Woodmark NASDAQ AMWD Winchester, VA, USA

Glatfelter Corporation NYSE GLT Charlotte, NC, USA

International Paper Co. NYSE IP Memphis, TN, USA

Kimberly-Clark Corp. NYSE KMB Dallas, TX, USA

Louisiana-Pacific Corp. NYSE LPX Nashville, TN, USA

Mohawk Industries, Inc. NYSE MHK Calhoun, GA, USA

Masco Corporation NYSE MAS Livonia, MI, USA

Packaging Corp. of America NYSE PKG Lake Forest, IL, USA

Sonoco Products Company NYSE SON Hartsville, SC, USA

UFP Industries, Inc. NASDAQ UFPI Grand Rapids, MI, USA
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Table 5. Statistics from the ten wood processing companies, January 2003–December 2022.

Statistic AMWD KMB IP MAS LPX Stock Market
Index

Arithmetic annual total
return, % 14.06% 10.60% 9.5655% 13.76% 27.04% 10.99%

Annual geometric mean
return, % 4.15% 9.27% 3.85% 7.09% 11.60% 9.80%

Mean monthly total return 0.0110 0.0084 0.0076 0.01080 0.0201 0.0087

Geometric mean mon.
total return 0.0034 0.0074 0.0031 0.0057 0.0092 0.0078

Standard deviation 0.1227 0.0454 0.0976 0.1003 0.1500 0.0426

Skewness −0.015 0.119 1.794 0.135 0.8426 −0.596

Beta, β 1.485 0.437 1.533 1.667 2.029 NA

Statistic GLT SON MHK UFPI PKG 10-Stock
Port. *

Arithmetic annual total
return,% 2.00% 10.66% 10.84% 22.39% 17.87% 12.39%

Annual geometric mean
return,% 0.083% 9.39% 9.57% 13.76% 13.82% 9.07%

Mean monthly total return 0.0016 0.0085 0.0086 0.0169 0.0138 0.0098

Geometric mean total
return −0.0042 0.0068 0.0024 0.0108 0.010844 0.0072

Standard deviation 0.1072 0.0577 0.1120 0.1125 0.0767 0.0715

Skewness 0.033 −0.186 0.552 0.260 −0.198 0.169

Beta, β 1.442 0.875 1.626 1.496 1.201 1.382

NAMES: American Woodmark Corporation (AMWD); Glatfelter Corp. (GLT); International Paper (IP); Kimberly-
Clark (KMB); Louisiana-Pacific Corp. (LPX); Masco Corp. (MAS); Packaging Corporation of America (PKG);
Sonoco Products (SON); Universal Forest Products Inc. (UFPI); Mohawk Industries (MHK). These non-REIT
companies have modest timberland holdings. The Sharpe and Treynor ratios are computed for portfolios, but the
Sharpe measure is inappropriate for evaluating single stocks (Treynor and Black 1973). * WEIGHTING: Equally
weighted returns are used for the portfolios of diversified companies. Weighted averages were not used because
the sizes of the investments vary substantially. For example, compare the acreages in Table 2.

3. Results

Figure 1 compares the time-paths from various timberland investments with the results
from Ibbotson’s market-value-weighted US stock market index.16 Ignoring the returns from
the smoothed NCREIF index and the Weyerhaeuser Corporation, Figure 1 shows that the
returns from the 3-REIT portfolio and the 10-stock portfolio tend to follow the returns from
the Ibbotson stock market index.

3.1. The Returns from Weyerhaeuser and NCREIF

Figure 1 shows that, from 2003 to 2022, Weyerhaeuser had some good years that
enabled it to earn a respectable annual average total rate of return of 10.89% over the
two-decade sample period, while NCREIF earned a more modest average return of 7.01%.
However, Weyerhaeuser’s returns dipped below NCREIF’s returns in a few years. Over
the 20-year sample period, the Ibbotson stock market index and the other two timberland
indexes usually earned higher returns than Weyerhaeuser, particularly during the sample
period’s second decade.

3.2. Comparing Average Returns

Table 3 displays a 20-year average annual total return of 12.39% from the portfolio of
10 equally weighted wood processing companies analyzed in Tables 3–5. On average, this is
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(12.39% less 10.99% equals) 124 basis points of total return per year more than investing in
the Ibbotson stock market index. In other words, the wood processing industry sometimes
offers higher investment returns than the majority of US stocks.

The 10 wood processing companies tend to specialize in some activity in which
they have developed a differential advantage. Even though the REITs own much more
timberland, enjoy a legislated income tax advantage, and create substantially more lumber
and photosynthesis, the sample of ten non-REIT wood processing companies earned an
average rate of return that is (12.39% less 12.23% equals) 16 basis points above the 3-REIT
portfolio’s total return per year.17

The findings discussed above might result from data that are too noisy to reveal clearly
a significant relationship that might exist, or because of offsetting equilibrium effects on
forestry returns.

4. Discussion of Portfolio Performance Theories

William Sharpe (1966) and Jack Treynor (1965) developed well-known portfolio perfor-
mance evaluation models that consider both an investment’s risk and return simultaneously.
Each model creates a single number for each investment that can be used to rank the de-
sirability of different investments. Numerical values for these ratios are shown for the
portfolios, in the bottom lines of Table 3. Values for these ratios are not shown for the indi-
vidual stocks in Table 5 because the Sharpe ratio is inappropriate for analyzing individual
stocks (Treynor and Black 1973).

4.1. The Sharpe Ratio and Treynor Ratios (Treynor 1965)

Nobel Laureate, William Sharpe (1966), extended a linear risk-return model developed
by James Tobin (1958), an earlier Nobel Laureate (Tobin 1958). The Sharpe ratio is used to
compare, contrast, and rank the performance of different investment portfolios (Sharpe
1964, 1966; Sherif et al. 1958). Equation (4) defines the Sharpe ratio, Si, for investment i.

Si =
Excess return

Total risk
=

ri − r f

σi
(4)

After dropping NCREIF from further consideration, for the reasons discussed above in
Section 2.1.3, the Ibbotson stock market index, subscript S, has the highest Sharpe ratio (SS)
in Table 3. The 3-REIT portfolio (SR), has the second highest Sharpe ratio, and the 10-stock
portfolio (SP) is third: SS > SR > SP. The Treynor ratio yields slightly different rankings.

Equation (5) defines the Treynor ratio, denoted Tp, for the performance evaluation of
portfolio p.

Tp =
Excess return

Beta
=

rp − r f

Bp
(5)

By a narrow margin, the Treynor model ranks the 3-REIT portfolio R, denoted TR, to
be the most desirable risk-adjusted return, TR > TS> TP.

4.2. Discussion of Markowitz Portfolio Theory

Harry Markowitz’s pioneering research introduced the efficient frontier (Markowitz
1952, 1959). The efficient frontier is a collection of portfolios that offer the lowest possible
risk for any given level of expected return. When a new asset enhances diversification for
investors, it extends the efficient frontier. This means that investors can create portfolios
incorporating the new asset, resulting in lower risk for a specified level of expected return.

First, we utilized the Fama-French equal-weighted five-industry portfolios18 as the
foundational assets to construct an efficient frontier. Next, we augmented this initial
efficient frontier by incorporating the 3-REIT portfolio from Table 3 and the 10-stock
portfolio comprising 10 wood processing companies listed in Table 5 This process allowed
us to compute a second efficient frontier that encompasses, not only the five industry
portfolios but also these two timberland investments.
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The vertical axis in Figure 2 represents the average monthly excess returns, while the
horizontal axis displays the standard deviations of the portfolios’ monthly returns. The
lower efficient frontier, indicated by orange dots, illustrates the risk and return metrics
of efficient portfolios derived from the five Fama-French industry indexes. Meanwhile,
the more favorable efficient frontier, depicted by blue dots, shows the risk and return
statistics from the seven investments. These more favorable portfolios include the initial five
Fama-French industry efficient portfolios along with two additional US timberland portfolios.
Figure 2 illustrates that the inclusion of these timberland investments results in an expansion
of the efficient frontier. In other words, for the same level of portfolio mean return, the efficient
portfolio incorporating the timberland portfolios exhibits lower risk compared to the efficient
frontier without them. The risk reduction is tangible. For instance, at an expected 1% monthly
return, the standard deviation of the efficient portfolio constructed from the five Fama-French
industry portfolios alone is 5.55%. In contrast, the standard deviation of the efficient portfolio
incorporating the two timberland portfolios alongside the industry portfolios is lower at 5.5%.
This translates to a 1% decrease in risk, which highlights the risk mitigation achieved by
adding the timberland investments to the portfolio.
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Figure 2. Comparison of two Markowitz efficient frontiers. The orange dots illustrate the risk and
return metrics of efficient portfolios derived from the five Fama-French industry portfolios. The blue
dots show the risk and return metrics of efficient portfolios from the initial five Fama-French industry
portfolios plus two additional US timberland portfolios.

5. Four Conclusions

Several conclusions can be drawn from the preceding research.

5.1. Inflation Hedging

The consumers price index (CPI) rose at an arithmetic average rate of 2.55% per year
from 2003 through 2022. Table 3 shows that the NCREIF index earned an average rate of
return of 7.01% per year; the 10-stock portfolio of wood processing companies generated an
arithmetic average return of 12.40%, which is slightly above the 3-REIT portfolio’s 12.24%
average return, and also above the stock market index portfolio’s average return of 10.99%.
It is apparent that the timberland investments are all excellent inflation hedges.

5.2. Investment Rankings

The Ibbotson stock market index had the highest Sharpe ratio in Table 3 (Sharpe
1966). According to the Treynor measure (Treynor 1965) the 3-REIT portfolio had the
highest risk-adjusted return. The 10-stock portfolio’s 12.40% average return and the 3-REIT
portfolio’s 12.24% average return are both slightly above the arithmetic average return from
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the Ibbotson stock market index. But neither of the timberland portfolios have performance
rankings that are consistently superior by all of the appropriate investment performance
measures. These various considerations suggest that US timberland investments tend to
perform slightly better than an investment in a mutual fund indexed to the Ibbotson stock
market index. In other words, timberland investments tend to perform better than the
average NYSE-listed common stock or mutual fund.

5.3. Photosynthesis

News sources sometimes report excessive carbon dioxide in the atmosphere. Some
of these reports describe harmful effects to the world’s environment. These reports often
attribute the negative effects to climate change or global warming (Walker et al. 2021). In
contrast to these negative issues, this study shows that the Weyerhaeuser, Rayonier, and
PotLatchDeltic REITs, for example, each manufacture large amounts of lumber every year.
According to their annual reports, during the lumber production process, they also: (i) take
many tons of harmful carbon dioxide out of the atmosphere; (ii) produce huge amounts
of photosynthesis; and (iii) since photosynthesis produces new oxygen, they also create
substantial amounts of new oxygen. These positive findings, to some extent, offset some of
the negative discussions of climate change.

As far as we can tell, the production of photosynthesis and the associated new oxygen
can only be observed and measured in laboratory experiments. Large amounts of photo-
synthesis cannot be captured or sold. However, it is plausible that the photosynthesis that
is produced by growing trees (or any green plant) is more valuable than the lumber that is
produced. Unfortunately, photosynthesis and the new oxygen that it produced is given
away for free, because significant quantities cannot presently be captured and sold.

Some production details suggest that the US is capable of producing additional benefi-
cial results. The Weyerhaeuser Corporation’s annual reports and website both state that
each year the company harvests only about 2% of its 10–12 million acres of timberland. This
suggests that Weyerhaeuser, and perhaps the entire timber industry, might be producing
significantly fewer trees than is possible. One important factor that keeps the US timberland
industry from increasing its output is inadequate economic incentives. These inadequate
incentives were previously reduced in the US by the creation of the tax-reduced REIT
structure. Creation of additional incentives is discussed below.

5.4. Increasing the Incentives to Plant Trees

The Real Estate Investment Trust (REIT) Act of 1960 and the Real Estate Investment
Trust Simplification Act (REITSA) of 1997 provided income tax exemptions designed to
motivate people to create more timberland REITs.19 Simply increasing the size of the REIT
tax exemptions would increase the economic incentives to produce more lumber in the US.
Stated differently, the existing REIT law could be modified slightly to give the US lumber
industry more incentive to produce larger amounts of lumber, and that would also increase
the incentive to produce more photosynthesis and more new oxygen. These changes would
make the world a significantly healthier and more attractive place to live.
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Notes
1 In 2022 the Weyerhaeuser Corporation and the Occidental Petroleum Corporation (OXY) signed a lease agreement for 30,000 acres of

subsurface pore space that Weyerhaeuser controls. These acres will be used to develop a carbon capture and sequestration project
designed to reduce the amount of carbon dioxide released into the world’s atmosphere (Securities and Exchange Commission
(SEC) n.d.).

2 Photosynthesis is an important chemical process discovered by a medical doctor named Jan Ingenhousz in 1779 (Ingenhousz
1779). Photosynthesis occurs as every green tree, blade of grass, or other green plant absorbs carbon dioxide and creates new
oxygen in order to sustain itself.

3 For a scientific discussion about the harmful effects of climate change see (Walker et al. 2021).
4 In 2009 the US Forest Service classified 22% of the US as timberland, or land capable of producing industrial wood. David

Swensen, (Swensen 2009, pp. 215–16). In 2023, the US federal government owned 238 million acres (31%) of US forests, most
of which are managed by the US Forest Service (FS) as part of the National Forest System (NFS) and the Bureau of Land
Management (BLM).

5 Information about individual NCREIF members is not disclosed, only NCREIF’s aggregate portfolio statistics are published.
6 The NCREIF Timberland Price Index was developed when Hancock Timber Resource Group (HTRG), Forest Investment

Associates (FIA), PruTimber, the Frank Russell Company, and NCREIF teamed up to develop it in 1992.
7 For more detail about the statistical issues in appraisal-based data see the discussion of Exhibits 4–9 in (Francis and Ibbotson 2009).
8 Two types of REITs exist. First, US law permits an equity REIT to own and rent homes, office buildings, timberlands, shopping

centers, and other physical real estate. Second, the REIT Act of 1960 defines mortgage REITs that are only permitted to buy
mortgage loans that have real estate as collateral, collect interest income from mortgages, and buy and sell mortgages. Mortgage
REITs are not discussed further because they do not own any timberland. Mortgage REITs comprise only a small part of the total
REIT market. In 2021, NAREIT.com estimated that only about 6% of all outstanding REITs were mortgage REITs.

9 At the corporate level, US tax law requires that at least 90% of every REIT’s income must be paid out as tax-exempt cash dividends,
but this tax-exempt cash dividend income is 100% taxable income at the share-holder level. Portfolios of tax-deferred pension
funds and tax-exempt portfolios owned by tax-exempt charitable institutions would benefit little, or not all, from the tax savings
granted to REIT investors.

10 J.D. Irving, Sierra Pacific Industries [the Emmerson Family], Green Diamond Resource Company [the Reed Family] and Peter
Buck are large private owners of US timberland. None own as many acres of timberland as Weyerhaeuser.

11 See Gutierrez Garzon et al. (2020). https://open.fsc.org/handle/resource/917 (accessed on 21 May 2024).
12 The FSC, SFI, and good forestry cannot totally eliminate all the harm that might be done by foresters. Working a forest will

disrupt the lives of fish, fungi, insects, birds, and other forms of forest life in many subtle but long-lasting ways that are not easy
to measure.

13 For unknown reasons, most timberland REITs have not aggressively endeavored to profit from selling carbon credits. Their
managers may prefer to avoid the fraud and greenwashing that sometimes occurs in the carbon credit industry (National
Association of Real Estate Investment Trusts (NAREIT) (2023)). See: https://www.agriinvestor.com/carbon-credits-are-changing-
timberland-ownership-and-investment-models-manulife/ (accessed on 21 May 2024).

14 For a detailed and informative scholarly discussion of REITs and TIMOs, see Daowei Zhang’s 2021 book entitled From Backwoods
to Boardrooms: The Rise of Institutional Investment in Timberland (Zhang 2021).

15 CatchMark Timber Trust (CTT) is a large REIT that was not included in the index because it is significantly newer than the three
REITs we chose to study. Including CTT in Tables 2 and 3 and the REIT index would have shortened the duration of the sample
used to compute the statistics in Table 2. Furthermore, in 2022 PotlatchDeltic merged with CatchMark Timber Trust, Inc. in an
all-stock transaction that created an integrated timber REIT. Transactions like this are too complicated to include in our study.

16 A semi-log version of Figure 1 is omitted because it did not reveal valuable information that is not already shown in Figure 1.
17 Some results in Figure 1 seem to conflict with the results in Table 3. Figure 1 shows that over the 20-year sample the highly

diversified stock market index finished slightly above both the 10-stock wood processors’ portfolio and the 3-REIT portfolio.
These results conflict with the rankings of the arithmetic average total returns shown in Table 3, because Figure 1 is based on
compounded (geometric mean) returns, while Table 3 contains arithmetic average returns. This apparent conflict is not an error,
but provides one more example of a well-known statistical phenomenon. The arithmetic average of a series of numbers exceeds the
geometric mean of that series by a difference that increases with the variance of the numbers in the series (Young and Trent 1969).

18 The data are available from Professor French’s website: https://mba.Tuck.Dartmouth.edu/pages/faculty/Ken.French/data_
library.html (accessed on 21 May 2024). (Fama and French n.d.).

19 More saplings are planted in the US every year. Unfortunately, forest fires and other man-made activities destroy more trees than
are planted in the US almost every year. In fact, the net number of standing trees in the world is continually decreasing (World
Resources Institute 2024).

https://open.fsc.org/handle/resource/917
https://www.agriinvestor.com/carbon-credits-are-changing-timberland-ownership-and-investment-models-manulife/
https://www.agriinvestor.com/carbon-credits-are-changing-timberland-ownership-and-investment-models-manulife/
https://mba.Tuck.Dartmouth.edu/pages/faculty/Ken.French/data_library.html
https://mba.Tuck.Dartmouth.edu/pages/faculty/Ken.French/data_library.html
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