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BOREAL FORESTS AS A CARBON SINK: A REAL OPTIONS PERSPECTIVE
S. FUSS'!, M. GUSTI'?, F. KRAXNER!, K. AOKT, J. SZOLGAYOVA'?
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Borea.l forests mainly serve two functions. On the one hand, they are the source of income of coniferous industrial wood
supp]lers; on the other hand, they play an integral role in the regulation of the Earth’s climatic system [1]. People h00

gctwely (th.roug.h the extraction of wood for commercial purposes) and indirectly (through an aggravation of cli.nmticpcl-lanaVE
1nterv_ened in this sys?qm. At the same time, policymakers have repeatedly expressed their interest in usiﬁg the forest as a ge{i
for cl1rr?ate change mit}gatlon. In principle, more carbon could be stored in the boreal forests if larger areas were accesqiblm;

ena_ble improvements in forest management. However, in the face of uncertainty about the realization of policy, the }et; "
on investment in expanded infrastructure and enhanced management are uncertain as well. We employ a simple sreal ti o
framework to broaden the policymaker’s perspective in this respect. ’ e

Boreal fqrests have long been established to hold a major fraction of the Earth’s terrestrial carbon [2]. As
a result, thg policy debate has put boreal forest sinks as part of a wider mitigation portfolio forward Howevc;r it
is not possﬂ)le. to look at this benefit of boreal forests without understanding their part in the large-r system Ell]
give an extensive account of boreal forests. Figure 1 tries to simplify the main ideas emphasized by the autho-rs
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Fig. 1. A Systems View of Boreal Forests,

_FromlFigure 1, it becomes clear that boreal forests are not only an integral part of the Earth system
regulating climate a.pd environmental conditions, but they are also a major source of income for the extract?on of
WQOd for commercial purposes. In addition, the extraction of other natural resources such as natural gas and
minerals also occurs at the expense of boreal forests’ environment and living conditions. :

_ Many previous studies have provided estimates of the extent of the carbon sink potential of Canadian and
Russmn bgreal forests. For example, Canadian forests were found to be a net sink before 2000, but due to stee
increases in freql_lency and intensity of wildfires and insect outbreaks, they are a net source noswadays which i]:
ilg%p(;/s[i:d C1:0 colngtlgl;ue fgr ait }easc[i t\go more decades [3]. [4] estimated Russian boreal forests to be a n,et sink of

in and claimed that this i i : i i
salisfions o e dbors Torg 5 this number might even increase, while more recent studies find huge
_ E.VGH th.ough the need to provide incentives for storing more carbon in forests has been part of the
1ntemat10nal (%ISCU.&?.SiOI’l on climate change mitigation, no decisive action has been taken — exce 11::' for some
1solalted CDM' projects related to avoiding deforestation and afforestation activities. On the other haﬁd it is also
possible to use forests as a carbon sink as a result of improved management [6]. This is particularly rélevant in
the Russian boreal forest, where expansion to unused areas opens up the possibility to improve forest

! Clean Development Mechanism
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management, such as thinning or the increase of rotations on the more productive areas to store higher amounts
of carbon. However, such an expansion requires the building of new infrastructure to make a larger area
accessible and this represents a major investment to decision-makers. Furthermore, there is no commitment to a
clear carbon policy as of yet, so decision-makers face high uncertainty about the returns to their investment: if
they cannot be sure when or how much they will be rewarded for storing carbon, this might represent a major
obstacle to investments into infrastructure and enhanced management.

In this paper, we demonstrate that a systems perspective as drawn by [1] and others is important, but that
the uncertainty created by the policy dimension adds a substantial option value to committing resources to new
infrastructure and better management, even if the results would be a desirable increase in the carbon sink. We
use a real options model to illustrate the tradeoffs at work in the face of uncertain policy dynamics.

Real Options Theory rests on the idea that a real decision has features similar to a financial option and
that keeping such an option open consequently has an economic value. For example, if an investment involving
large costs to be sunk in the face of uncertainty about the future profit streams can be postponed, it may pay off
to do so and make a better decision based on more complete information later on. This example illustrates the
three characteristics of a decision problem that make real options a suitable approach: (a) the decision can be
timed flexibly, (b) exercising the option (e.g. investing) is irreversible (e.g. since it involves large sunk costs),
and (c) there is uncertainty about future costs and/or benefits associated with the decision [7].

Obviously, considering boreal forests as a carbon sink warrants similar considerations, as the decision to
invest into sink-increasing options has uncertain returns if policymakers do not credibly commit to a carbon

payment for each ton of stored carbon.
As we intend to offer a perspective to policymakers rather than offering numerically precise predictions

on investment dynamics, we abstract from many things such as the potential valuation of ancillary benefits and
also the impacts of climate change, which will have further implications for the development of the carbon sink
(cf. Figure 1). Instead, our thought experiment assumes that the decision maker’s profits 7, are composed of the

proceeds of selling the harvested wood P, - Q less the cost of extracting the wood from the forest VC(x)- Q.

In addition, he receives a carbon payment P, per ton of stored carbon C(x) per year”. Note that the amount of
carbon stored is dependent on state x : if X = 2 upon investment into new infrastructure costing / enabling
improvements in forest management and hence increasing the carbon stored, ie. C(2)>C(). It will be

possible, furthermore, to extract the same amount of wood in state 2, as the wood extracted through thinning can
also be sold, but the cost of extraction will be higher, i.e. VC(2)>VC(l). As the price for wood and the

quantity extracted are constant across both states, we can drop them from the calculations and only focus on V'C

and C.
The source of uncertainty in this thought experiment emanates from carbon policy, which is mimicked by

P,, the carbon credit paid out for the amount of carbon stored in the forest. We assume that the development

follows a Geometric Brownian Motion similar to experiences with current carbon markets to begin with.

dP=y-P - -dt+o-P, dz, (1)

where g is the trend, & the volatility parameter and dz, the increment of a standard Wiener process. Let us

further define the gain from investing and improving management as G, which is composed of the additional
carbon stored, AC multiplied by the price received per ton of carbon. The value of the investment if investing at

time ¢ is thus

V(G,) = E[Tje (G, -Q-AVC) dt @)

0

where T is the end of the planning horizon,  the discount rate and the income from selling wood is assumed to
be constant for both states. Assuming 7 = oo for the moment, integration gives us equation (3).

ST 3)
r—u r

2 This might be paid out of a dedicated REDD (Reduced Emissions from Deforestation and Degradation) fund, as part of a
project in a type of CDM setting or through linkage with an existing carbon market. The details of the implementation of

such funding are beyond the scope of this exercise.
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The decision-maker will only invest into infrastructure and better forest mapagement if thl? yalue exceeds
the value of the option to invest, F(G,). In other words, thgre is an economic value to waiting f(_)r better
information on the development of the carbon policy and reacting optlmqlly on this at. a later point in .tane_ T_he
critical value G*, which will trigger investment, can be found by equation the m?:rgmal value.of w.altlng .Wlth
the value of exercising the option evolving according to the change?s in F(Gy) over time, a: Qescnbed in detail by
[7]. Following this procedure, we find differential equation (4), which holds for G €[0,G*]:

2
rF(G) = uGF'(G) + %G"‘F"(G) )

where time subscripts are omitted for clarity of expf)sition. \
The boundary conditions are given by equations (5) to (7):

lim F(G) =0 ©)
F(G*)=V(G%~1 ©)
F(G*)=—— a3

The problem being completely analogous to the one described in [7], we follow the same procedures
arriving at the following solution form for F(B).

(8)
F(G) = A,G* + 4,G"

g 2 2 2
where we are only interested in g as ﬁ2<0:)3L1:-2——;111’(#*(0'4))24-21’0')/O' and

A = (G*)l‘ﬁl !/ B,(r — g), S0 we can solve for the threshold of the gain, at which investment occurs:
1

e B . (2AVC ©)
G—ﬁ(’” ) . I

which implies that the threshold level of the necessary carbon credit needs to be higher the lower the amount of

itionally stored carbon AC is. _

addltlorl;ingloying some rough estimates for the parameters, we can plot the value less the investment cl;)st, ( Z;fl)
and the option value, F, in Figure 2. Where the two lines cross, we have the threshold value of the carbon gain,

* 4 .
o Note that the data are rough estimates abstracting for the time being frqm some irr'lportant dynamlc(sl, S;)
more research is needed to account for the full cost of expansion and the d}fr_lamlcs unde;rlymg the carbon bu dgt:;o.
However, we can already on the basis of this simple exercise say that a rising CO; price .woul_d at least nee -
reach €8/ton with an expectation of further rises to trigger investment into the required | 1nﬁasgutctu1re 5
improved forest management and thus additional carl?on storage. The f0110w1ng table_: fiemon§trates t] at r‘f(:) Sa:; dﬁ
the assumption of an infinite lifetime further raises this threshold and higher than anticipated investment ¢
e SamSec.) while the absolute numbers should not be taken at face value before a more complete dataset ?1a1]; be
tested, the; sensitivity analysis gives us important information about the impact of (_hffergnt p_ararﬁetersban r(i);rz
they change the underlying tradeoffs. In particular, a lower than expected carbon price will raise the carbon p

> ages 108 and 109 for an economic explanation and derivation of the boundary cpndnhons. :

! s;’i [a?s]s’ugnf for Q that the 2010-2050 average projected harvest of 173.99 mil! m’ applies per year for the 1Ru{slsd1iz:ir:) E;ﬁ?;
forest and that the area necessary expansion is 29.575 mill. ha, Wh;sre 10m a 10€ are needed to make 1 a o
accessible for forestry. Operational costs will be higher by 0.44€ per m’, as _undeir improved forest man.';1gcrnet§1,t2 st’)rm s
extracted through thinning, which is more expensive to do than extracting it through simple _clear-clilt. g gn rescz:aled
additionally stored due to improved forest management each year, wherg the G4M WEO scenario data avf t_ee e
according to the 2003-2008 average net ecosystem balance_by 8] adjustgd ﬁlrtherm_ore by theu accumgla 1cin 5]
biomass, which is about 35% (personal communication A. Shvidenko). The discount rate is about 20% according to [].
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needed to entice investment, which is also true for higher than anticipated operational (and maintenance costs).
Most importantly for policymakers, is the message conveyed by the sensitivity of the trigger price with respect to
carbon price volatility: even if policymakers can make a credible commitment to raising carbon payments for
additionally stored carbon in the forest, fluctuations in the same represent a disincentive for committing
resources to the building of the necessary infrastructure.

2000 -
investment
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. 0 T T T T - > T T
] 0 92 184 276 368 #1160 552 644 736
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Fig. 2. Option value (solid line) versus net present value (dashed line).

Table 1: Sensitivity analysis

G* (mill EUR) P* (EUR/ton)
baseline 723 7.86
carbon gain halved, AC 723 15.72
Increased carbon price volatility, o 836 9.08
double investment cost, I 1,363 14.81
double operational cost 806 8.76
Shorter planning horizon, T=50 1,196 13.00

Future research should therefore not only concentrate on the composition of a more complete dataset, but
also tackle different forms of uncertainty. The current analysis assumes that there will be carbon payment
scheme evolving in a similar way as current carbon markets, but this is not guaranteed. On the contrary, there is
also substantial uncertainty about the timing when such carbon payments could be introduced and there is also
the question whether it will be introduced at all and if so whether it will be kept, which could be mimicked by
introducing a Markov process.

In this paper, a simplistic yet important thought experiment has been carried out to provide a new -
perspective to the maintenance and sustainable use of boreal forests in Russia. In particular, we have employed a
small real options application to model decision-making in the face of uncertain carbon policy, thereby
illustrating the importance of clear commitments and unambiguous signals on the part of policymakers in order
to achieve improved forest management and enable the storage of larger amounts of carbon in the forest as part
of a larger mitigation portfolio. {
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SOCIO-ECONOMIC LOSS FROM IRRATIONAL FOREST USE IN KRASNOYARSK REGION
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This article shortly characterizes the forest reserves of one of the largest forest regions of Russia — Krasnoyarsk region. It can
be seen in dynamics that for the last 50 years the quality of the forest reserves has degenerated significantly. This
degeneration is caused by the irrational and unsustainable forest management. Authors propose some basic principles for
sustainable forest management and provide some socio-economic mechanisms of solving the problem of illegal logging.

Forest resources of Krasnoyarsk region. Timber resources of the forests

In connection with the union of three subjects of the Russian Federation on 1 January 2007 - Krasnoyarsk
Territory, Taimyr (Dolgan-Nenets) and Evenki autonomous districts into one entity - Krasnoyarsk Region, the
Krasnoyarsk Region land balance has changed. The total land area of the united region as if 01.01.2008 amounts
to 236,679.7 ha. Area of the region increased by 164,312.6 hectares. Area of forest land of Krasnoyarsk region
amounts to 155,565.0 hectares. Area of lands under forest have increased by 97,578.5 ha in the united region. In
the structure of land of Krasnoyarsk region forest fund lands constitute 65.7%. [4]

More than half of the forests in the region are represented by larch, about 17% by spruce and fir, 12% by
pine and more than 9% by cedar. 88% of forests in the region are coniferous.

More than 10% of Russian timber reserves are concentrated in Krasnoyarsk region.

Forest dynamics of Krasnoyarsk region

The analysis of forest dynamics is based on the forest resource assessments, since 1961, — the year of the
first simultaneous assessment of Siberian forests, when they were assessed with the inventory methods of
varying accuracy: the method of III-IV categories of forest management regulation and the method of remote
sensing by airplane (more than half of the area). [3]

During the 45-year period (1961 — 2007) in Krasnoyarsk Territory (Krasnoyarsk region, Republic of
Khakassia), the area covered by forests decreased by 5108.2 thousand ha (5 %), and the area of mature and over-
mature coniferous and larch stands declined by 17210.4 thousand ha (25 %) and 1670.5 thousand ha (17 %),
respectively. The total reserves of timber decreased by 3174.99 million m® (12 %); the accessible reserves of
timber in coniferous stands decreased by 3725.06 million m® (35 %), but accessible reserves in deciduous stands
increased by 10.14 million m* (1 %).

Consequently, the quality forest reserves of Krasnoyarsk region have already been degenerating for
almost 50 years. The process of degradation has slowed down during the last years due to the sharp decline in
logging volumes.

Development of the bases for forest management

According to the Russian Federation Forest Code (FC) the forest estate lands should be federally owned
(article 8). Before the FC was released, however, parcels of forest land and forestry enterprises were transferred
to the Subjects of the Russian Federation’s management under federal law #199 dated 31.12.2005. Forest
enterprises have been converted into forest districts — local forest and field services management authorities
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