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Abstract: We examine the financial performance of the forest products industry in the initial phase of
the COVID-19 pandemic, employing data for publicly trading companies in the industry globally.
We first examine the market investor reaction to the declaration of a pandemic by the World Health
Organization (WHO) in March 2020 by conducting an event-study analysis. Then, we analyze
medium-term changes in stock returns and their systematic risk by an econometric estimation of
the capital asset pricing model. Our event-study analysis of the forest products industry shows that
the forestry subsector was impacted more than the paper subsector when the WHO declared the
pandemic. The effect was most prominent in North America. We find that the systematic risk for the
forestry subsector tended to increase during 2020, until October. Again, this effect was most clear in
North America. Conversely, the impact on the paper subsector was more stable.

Keywords: capital asset pricing model; COVID-19; event study; forest products industry

1. Introduction

On 11 March 2020, the World Health Organization (WHO) declared the COVID-19
outbreak a worldwide pandemic (World Health Organization 2021). The global stock
markets had begun to experience serious setbacks weeks ahead of this announcement,
plummeting in response to the initial panic caused by the spread of COVID-19.

The forest industries were one of many industries affected by the COVID-19 pandemic.
A recent survey by the Food and Agriculture Organization (FAO 2020) indicates that the
wood value chains were hit hard by the pandemic. However, the intensity across sectors
was not homogeneous, and, in fact, the pulp and paper business reported a positive impact.

This varied response is credible given that the forest products industry sector itself is
diverse and connected to different markets and value chains on the demand and supply
sides. Moreover, since 2000, the forest industries have faced a period of transition, and the
economic development of the global forest sector appears more uncertain and the drivers
more diverse than before. As noted by Jonsson (2011), changes in forest sectors are caused
by several internal and external factors, with primary drivers including globalization,
global climate change, policies, regulations, and customer preferences linked to climate
change, environmental policies, and regulations other than those linked to climate change.
Digitalization of media has led to the stagnation and even decline of demand for printing
paper, causing a substantial restructuring of the global paper industries (Hurmekoski and
Hetemaki 2013).

Forestry-related assets are shown to be weakly correlated with the financial markets
and to have low systematic risk (Sun and Zhang 2001). However, there are many reasons to
believe that the different value chains are impacted differently by events such as financial
crises and the pandemic. For example, the market for sawn wood is more cyclical than
the paper market and it was impacted harder by the global financial crisis, although it
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has subsequently recovered. Ince and Nepal (2012) found that housing construction fell
by close to 80% in the US between 2006 and 2009 due to the global financial crisis. The
global production of wood-based panels fell by 15.6% between 2007 and 2009. However,
the global production of paper and board declined by only 5.4% during this period. In
addition, there are regional differences within the industry. For instance, production of
wood-based panels in Asia experienced no contraction from 2007 to 2008, with production
actually increasing from 2008 to 2009. Moreover, Asia maintained a steady increase in
the production of paper and board throughout the financial crisis. Data for the period
following the financial crisis, from 2009 to 2019, show that the global growth in production
has been 9% for paper and paperboard, compared with 36% for wood-based panels (FAO
2021). The forest products industry is capital-intensive and produces fairly homogeneous
products. The best performing companies, in terms of returns on investment and stock
price appreciation, are generally those with the lowest cost production, which are able to
manage their resource base in the most efficient and sustainable manner possible. Vertical
integration and diversification influence risks and returns. Using stock market data for
the forest products industry in North America from 1968 to 1986, Booth and Vertinsky
(1991) found that unrelated-product and geographical diversification reduced risk, but at a
significant cost in terms of the rate of return. Thomson (1991) analyzed different portfolios
constructed from different sawtimber and financial market investment and found that that
risk-tolerant investors may choose only timber investments, whereas more risk-averse
investors will hold both timber and financial market investments. Sadorsky and Henriques
(2001) found that the forest products industry is riskier than the market and its moves are
procyclical. Li and Zhang (2014) analyzed the relationship between industrial timberland
ownership and the financial performance of forest products companies in the US. Their
results showed that holding timberland improves the profitability of a forest products
company and lowers its systematic risk.

The main objective of this study is to investigate the financial performance of the
forest products industry in the initial phase of the COVID-19 pandemic. To the best of our
knowledge this is the first study of how the COVID-19 pandemic has affected the global
forest products industry. Employing data for publicly traded companies in the industry
globally, we address the following research questions.

i What were the initial effects of the pandemic and lockdowns on the stock market
returns of the forest products industries?

ii. Did these effects vary in magnitude across subsectors and regions within the forest
products industry?

iii. What were the medium-term effects (the year following the lockdown) on stock

returns and risk across subsectors and regions within the forest products industry?

Analyzing a specific industry, Maneenop and Kotcharin (2020) used data from 52 listed
airline stocks to examine the short-term impact of COVID-19 on the international airline
industry. Their findings showed overreactions to the WHO declaration among market
investors as well as regional differences. Whereas the stock prices of Asia-based airlines
suffered less than the rest of the group (potentially due to government policies), US and
Canadian airlines experienced a dramatic negative impact and overreaction following the
declaration. If a similar development in the forest products industry globally is found, this
could shed light on market investor reactions to catastrophic events on this industry and
how they differ between different wood value chains and regions.

The remainder of the paper is organized as follows. In Section 2, we describe the
sample and conduct some initial analyses. The section also presents our methodological
approach and other related studies and how the existing methods are applied to the forest
products industries. The empirical results are provided in Section 3. In Section 4, we
present the main conclusions and implications of the study.
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2. Materials and Methods
2.1. Data and Initial Analysis

As stock returns are required for event analysis, we compiled data only from publicly
traded firms in the forest products industry. We extracted daily closing prices and market
values in US dollars for individual stocks (adjusted for dividends) within the forestry' and
paper’ subsectors—as defined by the Industry Classification Benchmark (FTSE Russell
2021)—from the Refinitiv Datastream database over the period 11 January 2019 to 11
January 2021. As several of the stocks were traded on different stock exchanges, we chose
to use data from the exchange in the country in which the company head office was located.
Furthermore, we included only class A or ordinary stocks. Firms with no traded stocks
during most or all of the period of analysis (and, thus, no change in stock price) were
excluded from the analysis. The remaining firms were grouped according to the subsectors
and regions specified in Table 1. A total of 340 different stocks were analyzed, of which 224
were registered within the paper subsector and 116 within the forestry subsector.

Table 1. Number of firms in the sample divided into regions and subsectors.

Region Paper Forestry Total
Europe 31 24 55
North America 16 19 35
Asia 161 62 223
Southern * 16 11 27
Total 224 116 340

* A compilation of South America, Africa, and Oceania.

Most of the firms (223/340) are located in Asia, with the remainder spread across
the other three regions. Overall, there are roughly twice as many firms within the paper
subsector compared with the forestry subsector, except for North America, which has more
forestry subsector firms.

Table 2 reports the market value of the firms as of 1 January 2020. In line with the
results on the number of the firms, we find that total market value for the Paper subsector
is highest in Asia; however, market value is more evenly distributed than firm numbers,
indicating that the firms are larger in the other regions than those in Asia. For the forestry
subsector, North America stands out as the region where the firms have the highest market
value and, given the small number of firms, these are relatively large firms compared with
those in other regions.

Table 2. Market value as of 1 January 2020 in the sample divided into regions and subsectors
(million USD).

Region Paper Forestry Total
Europe 38,946 1061 40,007
North America 27,332 15,276 42,608
Asia 57,414 9598 67,012
Southern * 26,599 1853 28,452
Total 150,290 27,789 178,079

* A compilation of South America, Africa, and Oceania.

As an initial analysis, we constructed a world index for both the forestry and paper
subsectors, weighting the price of each individual stock with its share of total world market
value within its subsector. The computed forestry and paper subsector indices are plotted
against the Morgan Stanley Capital International (MSCI) world index (MSCI 2021) in
Figure 1.
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Figure 1. Computed index for the paper and forestry subsectors and the MSCI world index. MSCI index data are divided

by 100 for easy comparison.

Figure 1 clearly indicates the effect of the outbreak of the COVID-19 pandemic in
February and March 2020 and the dramatic drop in stock values, with the forestry subsector
being hit harder than both the paper subsector and the total stock market. In addition,
Figure 1 shows that all markets appear to have recovered during 2020 to levels that
supersede those of the period prior to the outbreak of the pandemic.

Using the individual daily stock data, we calculate the daily logarithmic returns. In
Tables 3 and 4, we present the average daily returns and volatility, respectively. While
forestry stocks produced approximately the same returns in the pre-event period as paper
stocks, the drop they experienced during the event period was far larger. Returns in the
post-event period appear also to have been larger for forestry stocks. Forestry stocks have
been more volatile in both the event and post-event periods.

Table 3. Average daily logarithmic returns.

Paper Forestry = MSCI World

Whole period: 11 January 2019-11 January 2021 0.02% 0.07% 0.06%
Pre-event period: 11 January 2019-31 December 2019 0.01% —-0.01% 0.07%
Pre-event period: 1 January 2020-3 March 2020 —0.40% -0.20% —0.17%
Event period: 4 March 2020-18 March 2020 -1.93% -5.08% —2.35%
Post-event period: 19 March 2020-11 January 2021 0.23% 0.48% 0.23%

Table 4. Average daily logarithmic returns.

Paper Forestry = MSCI World

Whole period: 11 January 2019-11 January 2021 2.33% 2.78% 1.36%
Pre-event period: 11 January 2019-31 December 2019 1.44% 1.75% 0.61%
Pre-event period: 1 January 2020-3 March 2020 1.77% 2.44% 1.13%
Event period: 4 March 2020-18 March 2020 8.81% 8.28% 5.67%

Post-event period: 19 March 2020-11 January 2021 2.47% 3.06% 1.40%
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We note that the forestry stocks, despite a slight decline in 2019 (pre-event), had
returns that were comparable with those of the world stock market index when looking at
the whole sample. However, they are clearly far riskier compared with the whole market
or the paper subsector. The returns on forestry stocks experienced a dramatic fall during
the event period in March 2020 of more than twice that experienced by the market or the
paper subsector stocks in the same period. Conversely, forestry stocks doubled their return
in the post-event period. Paper stocks, although clearly riskier, had a comparable average
return to that of the total stock market.

The WHO declaration of the pandemic clearly defined an event worthy of investiga-
tion. Moreover, the number of confirmed cases began to increase dramatically in September
2020 in what was called the “second wave” of COVID-19. This development could also
have affected the stock market and market investor reactions, as fear might become more
prominent and increase risk.

Our initial analysis supports the impression that the forestry subsector was hit harder
than the paper subsector and the stock market as a whole in the initial phase when the
pandemic was announced but has recovered well during the post-event period. However,
it is unclear whether this was due to market investor overreaction. Furthermore, it is worth
examining the post-event period and whether it affected the financial performance and
riskiness of the forest products industry. We investigate these aspects in the next stage of
analysis.

The effects of the pandemic on the forest industries are investigated in two steps. First,
we examine market investor reaction to the WHO declaration in March 2020 by conducting
an event-study analysis. Second, we analyze changes in systematic risk in the period before
and after this event by examining the parameters from an econometric estimation of the
capital asset pricing model (CAPM) (see Treynor [1962] 1999; Sharpe 1964; Lintner 1965a,
1965b; Mossin 1966).

2.2. Event-Study Analysis

Event studies measure abnormal returns, that is, the actual return minus the expected
return, associated with an event. Following the seminal paper of Fama et al. (1969), a
number of studies have used the event-study methodology to test the effect of a particular
event. This method is widely used in economics and finance to examine the price behavior
of securities around an event (see Brown and Warner 1985; MacKinlay 1997; Binder 1998).
Studies of the bankruptcy of the Lehman Brothers during the financial crisis in 2008 are a
prime example. Similarly, the COVID-19 pandemic announcement marks a specific event
and it has been the subject of a number of event studies of the stock market (e.g., Harjoto
et al. 2020; Liu et al. 2020; Singh et al. 2020; Sterdal et al. 2020).

In the analysis of forestry and the forest products industry, the event-study approach
has largely been used to analyze the effects of changes in timberland (Sun and Zhang
2011; Sun et al. 2013), industrial ownership (Mei and Sun 2008; Piao et al. 2017), policy
reforms, (Zhang and Binkley 1995; Niquidet 2008; Zhang et al. 2020) or trading agreements
(Malhotra and Gulati 2010).

In event studies, market models are generally preferred to the CAPM to estimate
expected returns (MacKinlay 1997; Cable and Holland 1999). The market model approach
assumes that there is a stable relationship between the market return and the security
return in an estimation period before the event period. Then, the predicted values can be
used as expected returns or the benchmark returns in the event period. More formally,
expected returns from the market model are estimated as:

Rit = &; + BiRmt + €it, E(e; = 0), and var(e;;) = 07, 1)

where R;; and R, are the returns on security 7 and on the market portfolio, respectively,
for the time period ¢, ¢;; is the zero mean disturbance term, and «;, §;, and (fgzt are the
parameters of the model.
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We define the timeline of the event study to include an estimation window to estimate
a benchmark return, an event window, which should be relatively short to mitigate effects
from information that is not relevant for stock prices, and a post-event window. We indexed
returns at the event time by 7, where T = O is the eventdateand 1 =Ty +1tot =Ty
represent the event window.

Given the market model parameter estimates from (1), and letting t =17 +1,..., Ty,
we estimated abnormal returns as:

ARiT = Rir - E(Rir) = RiT - 5‘1‘ - BiRmT' (2)

In other words, we used the predicted estimates from (1) to estimate the expected
returns and then estimate the abnormal returns in the event windows.

We aggregated the abnormal returns in two dimensions, through time and across
stocks, to draw overall inferences for the event of interest. In the event period, cumulative
abnormal returns, CAR; (11, T2), were defined as:

1%
CARi(t1, ») = Y, ARz 3)
=T

Next, cumulative average abnormal returns were calculated across all stocks as:

1
N :
1

™M=

CAR(Ty, ») = CAR;(1y, 1), 4)

1

2

where the variance is var (CAR(1y, 7)) = %Ui (71, T2), and Ho is commonly tested using:

6= CARm @) N(0,1) ©)

var (CAR (T, Tz))l/z

However, even low cross-sectional correlation will seriously infer the disturbance
term when the event date is the same for all firms. To correct for this, we apply the
transformation suggested by Boehmer et al. (1991) with the adjustment made by Kolari
and Pynnonen (2010). Thus, the scaled ¢-test statistic accounting for both cross-sectional
and event-induced volatility in testing for the average event effect is:

0 SCAR (7, 1) SCAR(7, ©)VN ©)
2 = —— = ,
var(SCAR(1y, ))"/>  var(SCAR(wy, 1)) /1+ (N —1)7

where SCAR is the scaled cumulative average abnormal returns (Patell 1976), n is the
number of firms, 7 is the average of the sample cross-correlations of the estimation period

residuals, and varsc g, = 15—3? is a feasible estimator of the variance of the scaled cumulative
abnormal returns, so that E [SZ] =(1- ﬁ)agc g Where p is the average correlation of the
abnormal returns.

As the announcement event affected all stocks on the same day, there was no overlap
of events in the event window and, therefore, there is no clustering problem. The estimation
window used was from 11 January 2019 to 31 December 2019. The event period is defined
as five trading days (1 week) prior to and after the WHO pandemic declaration date of 11
March 2020, i.e., a total of 10 trading days. The study was implemented in Stata using the
add-in package “estudy” (Pacicco et al. 2017).

2.3. Risk Analysis

The event study captures the effects of the sudden shock on the market. However,
an event such as the COVID-19 pandemic might cause more long-term changes in stock
returns and their systematic risk. To capture these effects, we conducted an econometric
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estimation of the CAPM along the lines of Mei and Sun (2008). The CAPM has previously
been applied to the forest sector by Olsen and Terpstra (1981), who analyzed risk, return,
and competition in a major spot log market in Oregon for 1968-1978. Sun and Zhang
(2001) applied the CAPM and arbitrage pricing theory to assess the financial performance
of eight forestry-related investment vehicles. Liao et al. (2009) investigated the financial
performance of investments in timberland and timber and their correlations with non-
forestry financial assets in the US. Wan et al. (2013) used the Fisher hypothesis and the
CAPM under inflation to analyze how effectively private and public equity timberland
assets hedged actual, expected, and unexpected inflation in the US for 1987-2009. Yao
et al. (2014) used an intertemporal CAPM to assess the risk-return relationship between
forestry-related assets in the US and innovations in state variables using quarterly returns
from 1988 to 2011.

The CAPM states that the systematic risk of risky assets determines their expected
return, so that:

Rit =R =+ B; (Rmt — th> + pit, E(uiy = 0), and var(p;;) = (Tﬁt, ?)
where Ry, is the return on a risk-free asset at time . §; (beta) is a measure of the assets’
systematic risk, while a; (alpha) captures the abnormal return of the asset. In general, rising
betas are an indication of increasing undiversifiable risk.

Contrary to Mei and Sun (2008), who employed a dummy variable to capture the
effect of changes in systematic risk, we impose dynamics on the model by applying a
rolling estimation of the CAPM, letting B; and «; vary over a predefined time span. Thus, a
rolling estimation of (7) is given by:

R — Ry = o+ ﬁiz(Rmt - th) + it E(pir = 0), and var(py) = o, ®)

We chose a window length of = 100 days. A window period that is too short will
introduce unnecessary noise and reduce estimation precision, whereas one that is too long
will smooth out interesting details and reduce the timeliness of the estimation. While
choosing 100 days is rather arbitrary, in our view, this window length will take both these
effects into account. A rolling estimation of the CAPM is the simplest approach to modeling
time-varying betas and a key benefit is that the method is robust to misspecifications,
although time variation within the windows is ignored (Cosemans et al. 2016).

We calculated estimates of model parameters for each subsector and region with a
rolling 100-day window for 2020, so that the estimates for 1 January 2020 are done with
data 100 trading days ahead of this date.

3. Results

Table 5 shows the cumulative average abnormal return (CAR) results from our event-
study estimation of the WHO declaration. We report the findings for all regions, separately
and combined. In addition, we present the results for the whole forest products industry
sector, as well as those for the forestry and paper subsectors for all regions®. These tests
supported the null hypothesis that the time-series are stationary. We also tested for serial
correlation of returns for both paper and forestry and for market returns. For this purpose,
we used the test by Cumby and Huizinga (1992) for serial correlation and found no
autocorrelation.



J. Risk Financial Manag. 2021, 14, 318

8 of 13

Table 5. Cumulative average abnormal return results from event-study estimations for the whole
sector, subsectors (forestry and paper), and regions. T_0 = 11 March 2020, i.e., the date of the WHO
announcement. A window of five trading days before and after the event date is used.

Whole Sector Forestry Paper
All regions
Full sample -10.8% *** -13.8% *** —9.3% ***
Regions
Europe -8.3% ** -8.3% ** -8.3% **
North America -11.6% * —22.1% *** -1.0%
Asia -11.0% ** -13.5% *** -10.0% **
Southern -12.7% *** -12.9% ** -12.6% ***

Note: The symbols *, **, and *** denote that p < 0.10, p < 0.05, and p < 0.01, respectively. A compilation of South

America, Africa, and Oceania.

Both subsectors and all regions experienced a significant drop in (CAR)s during the
event. The whole sector experienced a 10.8% drop and the forestry subsector experienced
a somewhat larger drop of 13.8%. The impact was less overall in Europe (—8.3%), and
the mean effect between the forestry and paper subsectors was quite similar. By contrast,
in North America, the forestry subsector experienced a 22.1% drop in (CAR), whereas
there was no significant change in the paper subsector. In Asia, the forestry subsector was
impacted somewhat more negatively than paper. In the Southern region, as for Europe, the
impact was more or less the same for the two subsectors.

Figure 2 shows the development of the alpha and beta parameters from the rolling
100-day window CAPM estimations. There is a weak negative alpha for most of the period
in the paper subsector, although a zero alpha is well within the confidence interval. The
beta values slide downward but remain within the 1-1.5 interval. We observe a spike both
in the period around the WHO declaration as well as at the start of the second wave in the
fall of 2020.

Some of the same patterns for the estimated alpha values for the paper subsector are
found for forestry. The alphas are close to zero but seem to vary more than those for the
paper subsector. The beta values escalate for the whole period leading toward the second
wave and we observe a more distinct peak in this period, with estimated mean beta values
around 2. Moreover, the beta values clearly fall toward the end of the period.

Figure 3 reports estimated alpha and beta values in the different regions for the forestry
and paper subsectors. As expected, the alpha values are small for both the forestry and
paper subsectors and for all regions. There is some volatility, but it is small in absolute
magnitude. However, there is a clear tendency for the alpha values to spike in the forestry
subsector for North America and especially for Asia in the period from July to September,
indicating an increased abnormal return.
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Figure 2. Development of the alpha and beta parameters from the rolling 100-day window CAPM estimations for the
forestry and paper subsectors. Solid lines represent mean values, dotted lines represent 5% confidence levels, and dashed

lines represent 95% confidence levels.

The beta values show a somewhat different pattern for the different regions with
regard to the subsectors. For forestry, the beta values spiked at the start of 2020 for both
Europe and the Southern region. Thereafter, they rapidly declined and remained relatively
stable around 0.6 in Europe and 0.2 in the Southern region. However, we observe a slight
dip around the time that the information about the second wave was released. In North
America, the beta value steadily increased toward the fall and spiked to a level around 1.7
in October, before falling toward 1.0 at the end of the period. In contrast, in Asia there is a
distinct dip in the beta value in September.

For the paper subsector, beta values were relatively stable during the whole period.
In the Southern region, however, the beta values declined throughout the period, with a
distinct dip at the end of summer 2020.
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Figure 3. Development of mean values of the alpha and beta parameters from the rolling 100-day

window CAPM estimations for the two subsectors in the four different regions.

4. Discussion

Like most other industries, the forest products industry globally was hit hard by the

outbreak of the COVID-

19 pandemic. In order to address the first two research questions

related to what the initial effects of the pandemic and lockdowns on the stock market
returns were of the forest products industries and how these varied in magnitude across

subsectors and regions,

we conducted an event-study analysis. Our analysis shows that
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the forestry subsector was impacted more than the paper subsector in the period around
the WHO declaration of the global pandemic. This effect was most prominent in North
America, with the sectoral differences being smaller in the other regions. Although there is
no clear evidence based on the analysis, this could possibly be explained by the fact that
there are larger firms in this region as measured by their market value compared with the
other regions, especially for forestry subsector.

The markets for both subsectors recovered during 2020, with the forestry subsector
growing most rapidly after the initial shock. Initial tests suggested that volatility increased
more for forestry during 2020. To answer the third research questions related to the
medium-term effects on stock returns and risk across subsectors and regions within the
forest products industry, we conducted, using the CAPM, a more formal test for changes in
systematic risk, investigating whether the beta values have changed. We found that there
was a tendency for systematic risk to increase in the forestry subsector during 2020 up until
October, when it experienced a sudden drop. This effect was most clear in North America.
Conversely, the paper subsector has experienced more stable development.

Overall, we found that the pandemic outbreak and declaration in March 2020 had a
direct negative effect on both sectors and all regions. The paper subsector experienced only
minor changes in systematic risk, whereas systematic risk increases were more prominent
in the forestry subsector and in North America.

Our study shows that the forestry subsector might be more volatile and react more to
catastrophic events than does the paper production subsector. As such, our results support
Ince and Nepal (2012), who found that sawn wood production (which is included in the
forestry subsector) is more cyclical and is highly affected by economic crises through the
housing construction sector. Pulp and paper production are capital-intensive and operate
with more continuous production compared with sawmills. More price-elastic supply and
income/GDP-elastic demand result in a more volatile forestry/solid wood sector (see e.g.,
Buongiorno 1978, 1979, 2015; on demand elasticities for forest products).

The trade-off between risk and return is one of the central issues faced by those who
trade equities, manage portfolios, or engage in capital budgeting within the paper and
forest products industry. Since the performance of the forest products industry varies with
changing economic conditions, market participants should adjust to these market shifts by
considering different scenarios, such as expansions and recessions.
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the Industry Classification Benchmark (FTSE Russell 2021)—from the Refinitiv Datastream database.
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The forestry subsector (code 55101010) is defined as: “Owners and operators of timber tracts, forest tree nurseries and sawmills.

Excludes providers of finished wood products such as wooden beams, which are classified under Building Materials. Also
excludes timber REITs, which are classified under Real Estate” (FTSE Russell 2021; row 144). REIT is an abbreviation for Real

Estate Investment Trust.

The paper subsector (code 55101015) is defined as: “Companies that manufacture and market paper products including office

paper, cardboard, tissue paper, newsprint, commercial pulp, etc” (FTSE Russell 2021; row 145).

(Phillips and Perron 1988)

We tested for stationarity of returns for both paper and forestry and for market returns, using the Phillips—Perron unit-root test
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