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A Comparative Analysis of A Stochastic
Control Model based on Mean-Reverting
Process for Forest Stand Management
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Abstract: A stochastic model for log price dvnamics was provided with use of a variant
of mean-reverting process, in which the drift term was a linear function of
price and the volatility term was a function of price as in that of geometric
Brownian motion. By approximating this stochastic model by the binomial
process, we constructed a stochastic control model for forest stand
management. The proposed control model was to select an optimal decision
from three controls, "Harvest-Plantation”, "Harvest-Abandon", and "Wait for
Harvesting" under price stochasticity. The forest stand growth was derived
from the stand density management diagram in the Kyushu region, following
the standard forestry practice manual. Using the monthly time series data of
sugi (Cryptomeria japonica) log price from 1975 to 2000, our analyses
showed that the proposed mean-reverting process outperformed geometric
Brownian motion most based on AIC for the time series data from September
of 1980 to April of 1991. The resultant reverted mean became around 26,000
Yen/m®. As for the corresponding optimal rotation age, it was showed that if
the current log price was lower than the resultant reverted mean, the rotation
was postponed forever due to the large degree of expectation of price increase
over time. On the other hand, if the current price was above the reverted
mean, the rotation age became longer as the current price approached to the
reverted mean.

Keywords: forest stand management, log price, stochastic differential equation, stochastic
dynamic programming, stochastic model
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Step 0. Initialization

Step 1. Iteration

Step 2. Iterative Judgement

Step 3. Final Judgement

Set (=T, dy, ~{H-A} for i=0.,.T and j=1...}+T.
Calculate V'(T,S”,j) :S,_, 'Q, +ALT fori=0,1,,T, j=12,,J+T
given that S? e HF 'dri{ 'Sn.u

Set t=t-1. Find an optimal decision, d',; { e D,)for i=0,.,t and j=1,.,.J+f such that

VA6LS, s )= max{E,, [W)E, [H = PLE, [H - A}
where
o= PV (41,8, s S D= P)- K (14 1,8, 1) =€,
Euss I+r
PV (41,8, D+ =-P)-V'(1+1,5,,,,)-C,

[H-P]=S,-Q;+ ==

£ 1+r

E, [H-A4]=S,-0,+ALT
giventhat S, =u'-d"™" : “Sog

If =1, then go to Step 3, otherwise go to Step 1.

Find an optimal rotation age, 1,,, such that
={j|inf j subject to a’ oo =[1H = Kjor{H — A}]}

:pl

Then terminate the procedure.
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b, = {0+ )0, = 7) 45 0", s = 0}ds + a8,
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+h'(y,) v, + %o-zh"(y,) -sds + odB,
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[22] b2

I &
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[23] e i
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[25] z,=ye”
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=y, +-~(ay: +bt+r.‘)(e°m' 71)+ t: (eum 717(1Af)+0'.r A e..u(fﬂﬁ.'nv)atBJ
a a” 4
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[29] Elc j” exp(a(t + At - 5))dB,]=0

S,
V,=VAR[o [ exp(a(t + At - 5))dB,]

=g’ J:+_\fexp2(a(t+ At —5))dB?

[30] sl
=0 [ exp2alt+ At —5))ds
_ o’ -(exp(2aAr) - 1)
2a
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[31]
1 aai by an
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32 L.,
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