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a  b  s  t  r  a  c  t

This  study  presents  a  model  that  determines  the effect  of  cur-
rent  and  future  payments  for carbon  sequestration,  proportion
of  wood  that  sequesters  carbon  in  long-lived  product  and  land-
fills,  and  amount  of  carbon  in  the  wood,  on  the  optimal  current
forest harvest  age.  Increased  current  and  future  prices  of  car-
bon  would  lead  to a  longer  and  shorter  harvest  age,  respectively.
Higher  current  prices  of  carbon  could  increase  the  supply  of  car-
bon  at  a decreasing  rate  due  to  longer  harvest  ages.  Moderate
prices  of carbon  would  encourage  landowners  to  maintain  stand-
ing  timber.  Policies  focused  then  on stimulating  landowners  to  hold
timber  on  forestlands  may  not  necessarily  imply  higher  amounts  of
sequestered  carbon.  Increased  future  values  of  carbon  could  imply
a  reduction  of  the  current  supply  of  carbon.
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Introduction

Changes in temperature and precipitation patterns wrought by global warming phenomena can
affect land productivity, frequency of forest fires and pest outbreaks, raise sea level, and induce human
migration to urban areas (Haim et al., 2011). Anthropogenic emissions of greenhouse gases (GHGs),
particularly carbon dioxide (CO2), are considered the main drivers of climate change (IPCC, 2007a).
It is well known that forests play a key role in the carbon (C) cycle, and represent a cost efficient
method to offset C emissions (Richards and Stokes, 2004; Daigneault et al., 2010; Couture and Reynaud,
2011). Forests capture atmospheric CO2 through photosynthesis and convert it into wood and other
components.

Worldwide, forests sequester between 1.3 and 4.2 GtCO2-eq yr−1 (IPCC, 2007b). The conterminous
United States (U.S.) sequesters between 149 and 330 Tg C yr−1and the forest sector accounts for 65–91%
of this carbon sink (Woodbury et al., 2007), equivalent to 12–16% of the U.S. GHG emissions (US EPA,
2005). In the South, carbon stored in forests was  estimated at 12,400 Tg in 2010 (Hugget et al., 2011).
Han et al. (2007) estimated that forests in the south-central and southeast regions of the U.S. could
potentially sequester 23% of the regional total GHG emissions. Binford et al. (2006) claimed that forests
in the southeastern coastal plain can sequester around 1 Mg  ha−1 yr−1.

Under the Kyoto Protocol to the United Nations Framework Convention on Climate Change, the
majority of the world’s nations pledged to reduce GHC emissions through different C market-based
mechanisms with an emphasis on promoting and enhancing sinks of GHGs such as forest and other
terrestrial and marine ecosystems (UNFCC, 1998). Under articles 3.4 of the Kyoto Protocol human
induced forestry related activities that reduce atmospheric CO2 can be included in the account-
ing of nations’ emissions. Modifying forest management practices such as extending harvest age,
improving forest fertilization and maintaining healthy forest conditions are some of the forestry mit-
igation options that can be included under article 3.4 (Binkley et al., 1997; IPCC, 2007b; El-Fadel et al.,
2002). Since the harvest decision critically affects the type of forest product and the amount of car-
bon stored in the forest stand (Liski et al., 2001), carbon valuation could impact the optimal harvest
age.

Research literature—mainly modeled on a Faustmann–Hartman framework (Hartman, 1976)—has
explored the implications of carbon subsidies and taxes on the optimal harvest decision (Plantinga
and Birdsey, 1994; Creedy and Wurzbacher, 2001; Gutrich and Howarth, 2007). These studies have
concluded that the optimal harvest age is extended when economic value of sequestered carbon is
considered. In some extreme cases, it may  become optimal never to harvest forest stand (van Kooten
et al., 1995; Price and Willis, 2011).

However, other studies have suggested the opposite. Englin and Callway (1995) found younger har-
vest ages for carbon sequestration maximization schemes compared to timber maximization schemes
with low discount rates. Chladná (2007) reported shorter harvest ages with stochastically increasing
carbon prices, constant stumpage prices, low discount rates and full liability for carbon losses at the
end of the rotation. Guthrie and Kumareswaran (2009) found that payments for carbon sequestration
based solely on the long run carbon sequestration of a forest land induce shorter harvest periods. Other
authors such as Akao (2011) and Asante and Armstrong (2012) have also suggested that the function
of carbon pools/fluxes act as key determinants of optimal harvest decision.1

A widely used model for carbon sequestration has been proposed by van Kooten et al. (1995), in
which both carbon sequestration and timber benefits are simultaneously incorporated in a model of
forest management. A forest landowner is periodically paid a subsidy for carbon uptake in the trees
and taxed when carbon is released due to harvesting or decay. This model for carbon sequestration
assumes that certain parameters such as: i) stumpage prices, ii) prices of carbon, iii) forest stand
growth, iv) regeneration cost and discount rate, v) amount of carbon sequestered per unit of volume of

1 Akao (2011) reported that the harvest age is longer if the function of the forest of delaying sequestered carbon release is
more  important than the function of sequestering carbon. Asante and Armstrong (2012) claimed that the optimal harvest age
depends on what carbon pools are considered: with value of carbon fluxes in living biomass, and dead organic matter pools,
the  effect on the optimal harvest age is indeterminate relative to only timber values.
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