Rational Research in Forest Production and
Forest Management with Consideration of
Mixed Species Forest Management and Risk

Lecture by Professor Dr. Peter Lohmander, Swedish
University of Agricultural Sciences, SLU, Sweden,
http://www.LLohmander.com

Peter @l _ohmander.com

Operations Research for the Future Forest Management,
University of Guilan, Iran, March 8-12, 2014

Saturday March 8, 13.30-15.00




Rational Research in Forest Production and Forest Management with
Consideration of Mixed Species Forest Management and Risk

* In order to solve the forest management optimization problems, it is necessary that the most
relevant and important management ogtlons are well 1nvest1§ated and formulated. Models of
biological growth should be developed that describe the production options available over time and
space. The latest decades clearly show that detailed deterministic long term planning is irrelevant.

nergy prices, prices of industrial }i{oducts and environmental problems ra%ldl change in ways
that cannot be perfectly predicted. Research in forest production planning should focus on the
development of growth models that are useful when stochastic optimal control theory 1s applied.
Since biological production takes considerable time, it is very important to create options to
se%uentlall adjust the production to new relative prices, growth conditions, ecological problems
and possible dqmzfes caused by parasites, fire or storms. In particular, valuable options can be
obtained via mixed species stands. When several species are available in the young stands, the
species mix can sequentially be adapted to changing product prices, costs and growth conditions.

e analysis concerns the structure of relevant stochastic optimal control problems and consistent

development of research in forest production. General mathematical models are analyzed.
Comparative statics analysis and numerical methods are used to derive optimal results.

*  Professor Dr. Peter Lohmander, Swedish University of Agricultural Sciences, SLU, Sweden, http://www.Lohmander.com  Peter@lLohmander.com
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Optimal Management Decisions for Mixed Forests under Risk

Iu Fadian'  Peter Lohmander?
(1. College of Forestrys Shandong Agricultural University  Tai’ an 2710183

2. Dept . of Forest Economicss Swedish University of Agricultural Sciences  Umea 90183)

Abstract:  Different tree species have different sensitivities to damages from different kinds of fungi» insects» and vertebrates.
Prices of forest products from different tree species also change over time. Mixed forests provide valuable options for sequential
adaptive management. An adaptive optimization model under the nsk of moose damage and prices variation has been developed to
determine the initial proportion of Norway Spruce and Scots Pine in a mixed-species stand that would maximize the expected net
present value. The results showed that the mixed stand was superior to the pure pine stand even no risk was considered, due to
the biological mixture effect. However, when the risk of moose damage was considered, the superiority of the mixed stand was
increased by 5% and 24% with or without incorporating the minimum stem number requirement of the Forest Act, respectively.
The superiority of the mixed stand over a pure pine stand could be further increased by 6% when the price risk and selective
thinning were ncluded, compared to that the price was fixed

Key words:  forest management decisions: uncertainty: nsks adaptive optimization

Lu, F., Lohmander, P., Optimal Decisions for Mixed Forests under Risk,
Scientia Silvae Sinicae, Vol. 45, No. 11, Nov. 2009
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The stochastic prices and
mixed species problem

A new explorative investigation of the
fundamental problem
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Initial price process assumptions:

Prices are real Martingale processes.
OAB — 0.

PAl :PA0+APA1
AP, € N(0,t10%)
E(PAl‘PAO) — PAO



APAl — Al + Az + e+ Atl—l + Atl
A€ N(0,05) Vi
AP, € N(0,t0%)




PAZ :PA1+APA2
2
APAZ - N(O, (tz — tl)O-A)
E(P4,|Pa,) = Py,

E(P4,|Pa,) =Py,



In most cases, P4, + Py,

Observation:

> 0if (Pg, > Py,)

E(P4,|Pa,) —E(Py,|Pa,)3=0if (Pa, = Pa,)
< 0if (Pa, <Pa,)



Pp = Pg, + APp,
APg € N(0,t,0%)
E(Pg,|Pg,) = Pp,
Pp, = Pg, + APp,
APg, € N(0, (t; — t1)og)
E(Pg,|Pp,) = Pp,
E(PBZ PBO) — PBO




In most cases, Pg. # Pp,

Observation:

> 0if (Pg, > Pg,)

E(Pg,|Pg,) — E(Pg,|Pg,){=0if (Pp, = Pg,)
< 0if (Ps, < Pg,)



dl = e_rtl, dz = e_rtz

Expected present value of management system A
without adaptive decisions:

7ty =E((—cq+diPy hy, +dyPs,hy,)|Pa,)

Ty = —Cy T+ dlE(PAl‘PAO)hAl + dZE(PAZ‘PAO)hAZ



E(Py, |Pa,) = Py,
E(Py,|Ps,) = Py,

Wy = —Cy + dlpthA1 + dZPAOhAZ



Expected present value of management system B
without adaptive decisions:

g — E((—CB + d1P31h31 + dZPBthz)‘PBO)
ng = —cp + d1E(Pp, |Pg,)hp, + d,E(Pg,|Pp )hp,

E(Pp,
E(Pg,

Pp,) = Pp,
Pp ) = Pg,

g — —Cp + d1P30h31 + dZPBOhBZ

24



Expected present value of a management system AB with adaptive
decisions. (50% of the stems are removed at ¢4.)

/ _(CA';CB)_k \
+

g =| & ((dl Pg hg, + d2E(Ps,| Pa)ha, = diP s hy, + dyE(Pp,|Pp )hp,)| (PAO,PBO)> Z
_I_
\® ((d1P5,hs, + d2EPay| Paha, < dsPa,ha, +d2E (P, |Ps,hs,)| (Pay P,) ) 22




7, = E(d1P31h31 + dzPAZhA2| (PAO,PBO, (d1Pp hg, + d2E(P4,|Pa)ha, = diPa by, + dzE(PBZ|PBl)hBZ)))

Z, = E(leAlhAl + dZPBZhBZ| (PAO,PBO, (dyPp,hg, + dyE(P4|Pa )b, < d1Pg by, + dzE(PBZ|PBl)hBZ)))



Cates) 1 oz+0-¢)z,
Mpgp = 2




AR = (CAZCB) k+¢Z,+(1—- )z,

& = & ((d1 Po, b, + d2 E(Pay| Paha, = diPayha, +dy E(Py,| P5)hs,)| (Pay, P, ))

Z,=E (d1P31h31 + dzPAZhA2| (PAO,PBO, (d1Pp hg, + d2E(P4,|Pa) Ry, = diPa by, + dzE(PBZ|PBI)hBZ)))

Z, = E(dyPa,ha, + dyPp,hp,| (Pag Py, (d1Pp, hp, + d2E(P 4, |Pa)hy, < d1Pa by, + d2E(Pg,|Pg,)hs,)))
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Case 1:

Harvests at £, are not affected by the timber prices P4 and P,
(since harvests at t; do not give timber but other assortments, such
as energy assortments and pulp wood.)

We assume that all management alternatives lead to the same net
present values of harvests at t;.

In order to make the following derivations easier to follow, we
exclude the present values of harvests at t; from m,, Tz and myp.

We also assume that the timber harvest volumes are the same, h, for
both species.

29



Tty = —Cyx + dZE(PAZ‘PAO)hAZ
Ty = —Cyq T+ dZPAOh
g = —Cgp + dZE(PBZ‘PBO)hBZ

g — —Cpg + dZPBOh



AR = (CA;CB) k+¢Z,+(1—-¢)Z,

&= & ((2EPa,|Pa)hs, = EP5[P5,)05)| (Pag Py

¢ — ¢ ((dz PA1hA2 = dZPBlth)‘ (PAO’ PBO))

(PAO»PBO))

¢ = ¢((PA1 = Pg.)



Z1 — E (dZPAzhAz

(PAOJPBOI (E(PA2|PA1)hA2 2 E(PBZ|PBl)hBZ)))

Z, = d,E (PAZ‘ (PAO,PBO, (P4, = PBI))) h



Z, = E(dZPBthz‘ (PAO’PBO’ (E(P,|Paha, < E(P32|P31)h32)))

Z, = d,E (PBZ‘ (PAO,PBO, (P4, < PBI))) h



Summary of Case 1:

Wy — —Cy T+ dZPAOh
ITp — —Cp T+ dZPBOh
(cy + cp)
Mg = ——————k + ¢pZ; + (1 — )2,

2



_I_
AR = (CAZCB) k+¢Z,+ (11— )z,

¢ = ¢((PA1 > PBl)‘ (PAO»PBO))
7, = d,E (PA2 (PAO,PBO, (P4, > PBl))) h

Z, = dyE (Pp,|(Pay Py (Pa, < Pg,)))h




Case 2:
As Case 1 with the following constraints:

O'BZO
(6p =0) = (AP, = 0; APg, = 0)
PA():PBO






Tgp = (CA;CB) k+¢Z,+ (11— )z,

g
Zq = <2d2 f(“ + ﬁp)f(P)dp> h
0



g
Zy = (Zdz j(“ + ﬁp)f(P)dp> h

0

g
Zs = f (@ + Bp)f (p)dp
0



g
Z3 = f(a + Bp)f(p)dp
0
g
Z3 = f (a+Bp)(g~'—g%p)dp
0

g
Z3 = f (ag™ ' —ag2p+Bg'p—Bg*p?)dp
0



g
Z3 = f (ag'—ag*p+Bg'p—Bg *p?)dp
0

—2..2 -1,.2 —-2..319
_ ag “p® Pg p° PBg ‘D
Z3=[“g Pt T3

0

ag"9" B9 9" B9 g
2 2 3

Zy=ag 'g-



ag~*g® Bg'g9® Bg g’

2 2

a pg pg

2 2 3

3



dzh(a +§g)

Z4



Z, = dyE (Pp,

(Pag:Pry (Pay < Pp,)))h

Zz — dZPBOh



Observation: Z; = d,h (a + gg)

For g=0:

Zl = dzha
Zz —_ dZPBOh

dzha = dZPBOh

a=PBO
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Comparison of investments for g=0:

Wy =— —Cy —+ dZPAOh
ITp — —Cpg + dZPBOh

man = — A Bkt gz, + (1 - )2,




7TAB=—(CAZCB)—k+¢Z1+(1—¢)Zz

cqp+cC 1
Tl'AB:—( AZ B)—k+—d2h(

p 1
> a+—g +Ed2PBOh

3

(cqa + cp) 1 ﬁ 1
TWpp — — 2 —k+5d2h EO +2d2PBOh

47



(cq + Ccp) 1 1
TTyp — — 2 —k+2d2ha+5d2PBOh
a = PBO
(CA +CB) 1 1
Tgp — — 2 _k+EthPBO+Ed2PBOh
(ca + cp)
TWgp — k + dZPBOh

2



0
letcy = cg =c¢C

Wy = —Cy T dZPAOh
Wy = —C dzpoh

g — —Cpg —+ dZPBOh

g — —C | dzpoh




__(eaten) o d,Py h
Ty = >

TTpp — —C—k+d2P0h



Then,

Iy =— Mg = T4

Standard assumption: k > 0.

(g=0ANk>0)= (myp <y =Tp)



Comparative statics for g > 0:

(cq +cp)
TTyp = — 5 —k+¢Z+(1—-¢)Z,
(cq + cp) 1 p 1
TTyp — — > —k+2d2h a+§g +Ed2PBOh
drr d-h
i _dohB

dg 6

52



Observation:

d,h

ATl'=Tl'AB—7T1=—k+ 26ﬁ
( d->h
<0, k > 26ﬁ
ATT:TCAB—TC]_< :O, :d26hﬁ
d-h
>0, k< 2P
\ 6

53



General comparative statics analysis:

man = — A Bkt gz, + (1 - )2,

$ = P(0y,...)
Zl =Z1(O'A,...)
ZZ =Zz(O'A,...)



Tgp = — (€4 ; °s) _ k+ ¢(04)Z1(04) + (1 —Pp(04))Z2(0,)




an = — ATt (o) Z1(00) + (1 - (07 (01)

drm,p _ dp(o,) dZ,(os) deg(ay) dZ,(o,)

Z3(04) + (1= ¢(0,))

Z1(04) + P(oy)

dO'A dO'A dO'A dO'A dO'A

dryg d¢p(oy) dZ,(o,) dZ,(o,)
= Z,-Z 1-

do, do, (Z1—Z3) + ¢p(04) do, +(1—¢(04)) do,
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Observation:

On the decision boundary, the expected present values of A and B are
the same,

Zl — Zz — O
Usually,
‘dZZ(O'A:-)‘ % ‘dZI(O'A:-) and dZ1(o4) > 0
do 4 do 4 dogy

d(0,,.) and (1 — ¢p(ay,.)) are strictly positive and of the same order
of magnitude. Then:

dTl‘AB

~ (0,) dZ,(0,) -

0
dO'A

dO'A



Observation:

At =1mtyp — 1 = —k +w(oy)
dw(o
(o) _
dO'A
(<O, k>w(oy)
ATI:=TCAB—7T1<:O; kZW(O-A)

k> 0, k <w(oy,)



CONCLUSIONS:

In typical cases:

If 0, = 0, aone species plantation gives the highest expected
present value.

At some strictly positive and unique value of 64 , investments in
one or two species give the same expected present value.

At higher values of o4, a two species investment gives a strictly
higher expected present value than a one species
investment.
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Rational Research in Forest Production and Forest Management with
Consideration of Mixed Species Forest Management and Risk

* The latest decades clearly show that detailed deterministic long term planning is irrelevant.

* Energy prices, prices of industrial products and environmental problems rapidly change in ways
that cannot be perfectly predicted.

* Research in forest production planning should focus on the development of growth models
that are useful when stochastic optimal control theory is applied.

* Since biological production takes considerable time, it is very important to create options to
sequentially adjust the groduction to new relative prices, growth conditions, ecological
problems and possible damages caused by parasites, fire or storms.

* In particular, valuable options can be obtained via mixed species stands. When several species are
available in the goung stands, the species mix can sequentially be adapted to changing product
prices, costs and growth conditions.

* Professor Dr. Peter Lohmander, Swedish University of Agricultural Sciences, SLU, Sweden, http://www.Lohmander.com

Peter @l.ohmander.com
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