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A Study on Developing An Experimental Model to Solve for

Optimal Forest-Level Timber Harvesting Schedules
Using Linear Programming'

Joo Sang Chung® and Eun Sik Park?
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ABSTRACT

This research developed a forest-level harvest scheduling model using linear programming (LP". The
formulations of the LP model include timber production schemes with constraints of nondecling yield forest
conversion strategies. the minimum timber supply levels and the maximum cut acrages. The model is able to
generate both Model I and Model II types of input matrix in MPS format. In this paper. use of LP in building
the framework of the strategic forest planning model was justified by comparing the algorithmic characteris-
tics of LP with those of Gentan probability and binary search approaches through literature reviews. In order
to demonstrate the field applicability of the model proposed. (1 the harvest scheduling problem for about 11,
(00-hectare case study area Mt. Baekun area in Southern Experimental Forest of Seoul National University®
was formulated and solved and 2 the effects of the change in Lasic regulatory timber production constraints

on optimal harvesting schedules were investigated.

Kev words : Optimal forest-level harvest schedule. Linear programmig, Gentan probability, Binary search.
Aodel I. Model II. Regulatory timber production constraints
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Table 1. Comparisons of the algorithmic characteristics of three forest-planning approaches . Gentan proba-
bility. binary search and linear programming.

Gentan Probability Binary Search Linear Programming
Model tvpes stochastic deterministic deterministic
simulation simulation operation reserch
Number of . 1 >1
constraints
Mathematical probability function binary search simplex algorithm
algorithms
Computational relatively simple relatively simple complex
burden
Tyvpes of probabilistic heuristic optimal
solution set
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Table 3. Aggregated site classifications by species and site qualities of the study area. (hectares)
. Site Quality
Species Low Medium High Total
Broad-leaved spp. 1,121 7,580 551 9, 252
Pinus koraiensis 59 56 - 115
Pinus rigida 121 412 9 542
Larix leptolepis 28 40 29 97
Other pine spp. 82 769 34 885
Total 1,411 8, 857 623 10, 891
Table 4. Aggregated site classifications by species and age classes of the study area. (hectares)
o Age Classes Total
Species 0-10 11-20 21-30 31-40 41-50 ot
Broad-leaved spp. 63 1, 168 4,911 3,105 5 9,252
Pinus koraiensis 45 38 2 3 27 115
Pinus rigida 7 114 398 16 7 542
Larix leptolepis 12 61 3 2 19 97
Other Pine spp. 27 450 376 28 4 885
Total 154 1,831 5, 690 3,154 62 10, 891
AR, GEHIv 39T 062% B 4995(29%! ¢ o},
dpes Axlstn Qb 4w 39T ol4ke U
L 0.6%8 "o wWAE A3l vnH REL HEo e #kit
S-S Lolx ook, AFZHA Aal AAL kAol sl T
HAdTder FRsIeh. 7 F42 Table 33
KoER BN EH ME 4ol A A4 H wle} o] 570 #F, b H, T
Q¥ AT LRAARAE A2FIA o o) oW MRS U 108 RSl o FELol
5o AR 0‘9—'17401 s adez 3w pEslmas Ay zlee & 30048 7o
A 2 Re2E A el AeES B4 sk E AEEA sl 7oA E 7 e
Nz2 FAsdc Table 5 thabxde] 4% 10d =kl 20271 f 20002 Adstadct.
W rdsas o ogee) AEAS 8 s olshge Arzel 24 ¥4 @ g3e A
£zo| oldh 4dbe] £% gokgt Aolch Foja  HTERVF HEH AAE FRsE AL e
A E o Aol ggs 7 vlEl Y o, 74 AdARS #AiEe ebEedlA A4
w2lel AMAG b2 £Zol wlal w27 91@ Aoleh. = ool & A&7zt 20%
gt o pEale] QAT HEAASY 7] F AR 1089 Rl gAele Aaa 4
o wisl o wolsb 27l @l Few suksl o4 Wadlul, Aol Yol AW & Y
Table 5. Timber growth functions by species.

Species Observ. Growth functions R®
Broad-leaved spp. 281 LniV:=5.8261-0.0571 SI—52.8957 Age 0.87
Pinus koratensis 16 LniVi=6.2129-0.2516 SI—49.1849, Age 0.93
Pinus rigida 28 Ln¢Vi=5.5967~0.0239 SI—32.5532 Age 0.92
Larix leptolepis 15 LniV:=6.3193-0.3093 SI—51.7034. Age 0.91
Other pine spp. 37 LntVi=6.2575—-0.2370 SI—46.9897 Age 0.76

* V[ Stand volume in m® per ha, SI:
In determining the regression equations,
2 for medium and 3 for high.

site quality index,

Age ' stand age.

the ordinal site quality indices were represented by 1 for low.
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forall 1,j,k, L

H =0 forall p.

forall i,j, p.

forall i, p.
forall p.

(p=2,3,..,20)

z . objective value(total harvest volume for the planning horizon in cubic meters) .

H: : total harvest volume in period p.
BV::
V“kll‘ﬂp

species k, age class I,
Cuum
XleIm
AUkI :
ZA,

lower bound constant for the minimum harvest volume in period p.

. per hectare harvest volume in cubic rneters for management zone i, site quality index j,
management regime m and period p.

. objective function coefficients for the corresponding subscripts.

decision variables for the corresponding subscripts (number of hectares to harvest; .

total area in hectares for the corresponding subscripts.

total area in hectares for management zone i.

Yyieme =1 if cut area for the corresponding subscripts under management regime m>0 in pericd p.
=0 if cut area for the corresponding subscripts under management regime m={0 in period p.

a, B . allowable variation constants.
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Table 7. Model II problem formulation

ol &L
LRI

WU dud drdel By mE

Max. z

subject to

20

2 Xijum = Ay forall i.j.k, 1.
i 20

22 Xuw—TCA =0 forall i, j. m.
k=11=-10

s 20

RZ_] X m —TCA , =0 forall i,j,1.

2_ "; 5 20

2 2 2 __ZO iin” X — H,, =0 forall m.

1

,Z A <B-ZA, forall 1, m
H, 2BV, for all m.

H, —o-H,,>0 (m=2,3..20)

z . objective value total harvest volume for the planning horizon in cubic meters, .

H. ' total harvest volume in period m.
BV
‘-Uh.m

species k, plantting period .
Ciom
xllkin’.

= . lower bound constant for the minimum harvest volume in period m.
. per hectare harvest volume in cubic meters for management zone i,
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Table 8. (a) Regulation intensities used to forrnulate the Model

301

I and Model II problems . ib: Sizes

of Model I and Model I formulatiors generated by the matrix generator of the LP system

Model 1 Model 11 Differences

(a] Regulation Intensities

NDY conversion strategies (%) 95 95 -
Period. allow. cut area (%) 25 25 -
Period. min. vol. supply (%) - - -

(b) Formulation Sizes

No. of decision variables 700 1, 408 708
No. of constraints 188 424 236

Table 9. Scenarios to examine the effects of change in timber harvesting regulation intensities on

optimal timber production schedules.

Levels of regulation intensities

No. Regulation types Tow Medium e

1 NDY Conversion strategies (%) - 70 95

2 Period. allow. cut area (%) - 25 10

3 Period. min. vol. supply (m*) 200, 000 250, 000 270, 000
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Fig. 2. The timber production schedules and the corresponding objective function values resulted from

Model I and Model II formulations.
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Fig. 3. The effects of changes in timber production regulation intensities on optimal timber production
schedules over time and the objective values. The line curves and bar charts indicate optimal

timber flows and objective function values. respectively.



303

19934 9H

¥

o

WEITRE &I 42:3)

ol

)

=

(]

=3

250, 000m?
270, 000m?

I\

LA

TH.7

{

553k Sis) oo

22} 3 = o]

[e]
¢ T

73

| 4L A
11, 16, 17877 Zelx 270, 000m?

=
eS|

200, 000m*-&

1

15 A%z wsARE @ HA oA

Q

Ao 371
A7t Fig. 3ol vebd Qleb. Fig.

A scenario
=3
scenario 1ol 2}3

s

d

o

~
o
ol

oF

 ofw

X
X0

4dr

Ja-1)+

§|

g
Z

=
=

v
T
o

=

A3

#H
STl

A

.
sto] o}
s

3

ey F

77

3{c-2)oll M

#4171
Fob

ool gk AdAIE S AlS-E Holnz

Zel

=
AL g
beb

% B #9%

3(b-2) %

3

REFERE Aol
B (LR
A} 719

Zz=

EEER ORI

o2 7he

7] 8l v] &o]

[
o

L.

o e
k2
S
<

N
}

Fig. 3(a-2)
AgE FAAY Hajg

=A% FA o

sk Fig. 3(a-2),
) ok

s 273
7] gell elsl A

*

=N
<
=3
g4
B

7o
h

F7)

°

B

A 7o A A of] A

a7h E K
73 o3 of 7] o]

e o7zt 9

o

7}

RN

i

&

A 7T¥71 %8 scenario 3

1N
slo} of el 7}l

Ve

=]

v 8-S scenario 2el 4}

[

L

=]
e
393 3

s}

Rifpia gy el Fo) F743 Fof

Fig. 3(b-1)3}
7:

=4
L

AN Ekol 959, 709% olAez AE3

Aot & ool 4

Q
2e

A
T

H
S

AA S 10% o1 HE #|33
AJ.

7ol
8
o vheh

7



304 KEH Wtkel KA EETE SIS 8 BUHE ¥ ALl

|4
R
o9 10 e Wb

Atelde A" damle HE4 et
11.000ha® A-giztm Gfdgalal I35
dysiolonz dFE ARIRSdo] i k&
of HEgAEE F8 7. 2sislojor & Holch
= o+

of A& 1992 % IUFKEES] = U-S ubo}
AT Azt ¥z aFke e
w=g 2 =RWES REERA

= ] :

2 o 5 -1 &
FHn Y] B E3E FA A4dgw D¢
R % 23

ol I‘.?{_i tlii —h’

51 B X R

1. 1R - B k. 1988, HAMEEHE =
SEREMMRZE - Model 1 = Model II. &tk
He 77(4) 1 383-389.

O HEFAE - EE k- BSUE. 1989, AMAEEST
Bio ool BAEMEHT . FORPLAN &, @&
R 78 0 1-10.

3. &FE. 1967, LEL AT Mo kiES
fEoll BB BE. MRAFRR 131 1-61.

4. W ZHELYY. 1966, 3R kg
ol BIR R, FREFRE 120 1-22.

5. &4 %. 1991. Linear Programmingo®ll
SRR - 3 MR FERRR

B FAoE - R 80 427-435.

Y ke

=k

#ezt

11.

13.

14.

i

& B

. REE LR EET R - ZRY - &

B, 1986, R, A uTsg o ik
B R BT B, MEBER 33
13-34.

1887, Al ZuF drarel 4
L E Kol BT .
HRETRTER 34 1 1-11.

. EER - BHEFREL. 1987. REM REFE

of Mg B - MBI Rl A At
EFERE - B 76(4) 1 390-396.

IR - MEME - SRS - KEPIETE. 1984, B

BN BHBRLATLAGERT LVEBREERS

B - MEETT VoS- HARKERE
wEER.
ARt 1963, KRtMtoEEBEICH>VT
(I - M BTFEREDSUENHTR. -
P R IR .
. BRTFER]. 1987, HHREENICT AR, BEE
KENE T
Johnson, K.N. and P.L. Tedder. 1983.
Linear Programming vs. Binary Search
in Periodic Harvest Level Calculation.

Forest Sci. 29 : 569-582.

Johnson, K.N. and T.W .Stuart.,and S.
A.Crim. 1986. FORPLAN Version 2. An
Overview. USDA Forest Service.

. Walker, J.L.,1976 : ECHO : Solution
Technique for a Nonlinear Economic
Harvest Optimization Model, in J.
Meadows, B.Bare, K.Ware. and C.Row
{Eds.). “Systems Analysis and Forest
Resource Management, =  Society  of

American Forestry, Washington, D.C.



