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ABSTRACT

In this study, linear programming (LP) was applied to solving for optimal harvesting schedules of
multiple-use forest management in Mt. Kari area managed by Chunchun National Forest Station. Asso-
ciated with the geographic characteristics, the study area was classified into 4 large management units
or watersheds and simultaneously applied were the site-specific levels of management constraints :
nondeclining yield, initial cut for existing stands, % cut area, the volume of soil erosion, timber pro-
duction and carbon storage, ending inventory condition and % area species selection for regeneration.
The problem was formulated using both Model I and Model O techniques. In this paper, the formu-
lations are presented and the results of the optimal solutions are discussed for comparison purposes.

Key words : linear programming, optimal harvesting schedules, multiple-use forest management, Model
I, Model IT
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Table 1. Model I and Model O formulations
Model I Model II
Max Z = 2],:2;-2:20,;&1»1 * Xiitim Max Z = 2{;;;%““’"’ * X iikim
subject to subject to
;X{jklm = Aju Vijkl %Xl'jk[m = A Vijkl
Z{gg;;vhﬁklmﬂ'xuklm - VH, =0 Vp sz:};zvhwmo'xwm - VH, =0 Vp
ZZ};Z;WUMW'XMW - Vr,=0 V¢ z':z;;zgvfﬁklmp'xfmm - VI, =0 Vp
22i¥$§cs:jklmp'xfjklm - CS5, =0 Vv zf?;g%csbklmp"xﬁklm - (5 =0 Vp
%:Z"EM Xigm — CAyp =0 Vi jp EEZX,;M». - CAjm =0 Vijm
Z]:§$ M§E4Xijklm — EA, =0 Via g%Xﬁklm - CAy =0 Vil
VH, + VT, — VS, =0 Vp EZ X — PAw =0 Vikl
2CAy < cpi"ZA; Vip zlgjz[ EE.X”"*’W - EA, =0 Via
2CAj-se < GS; Vi VH, + VT, — VS, = 0 Vp
VS, =2 GV, Vp Zj:CAijp < cprZA; Vip
VS, —(1-a)- VS, 1 20 $=2,3,- n. 2 CA;-se < GS; Vip
VS, — (148) - VS,.; <0 p=2,3,- n. ;A Sca, 20 Vik
kp — My i LR P
€S, = GC, Vp g A B
CB, < GB, Vb VS, = GV, Vp
2 EA, =2 GA, Va VS, — (1=a): V§;., 2 0 p=2,3, n.
’ VS, — (1+8 - VS,., <0 p=2,3, =
Xom 20 Vijkilm ’ A o
cs, = GC, Vb
CB, < GB, Vp
ZEA, 2 GA, VYa
Xiwm 20 Vij kil m
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Table 1. Continue
Model 1 Model O
X = area in hectares for management zone i, site X;us = area in hectares for management zone i, site
quality index j, species k, age class 1, man- quality index j, species k, planting period
agement regime m. 1, cutting period m,
vhimy = harvest volume per hectare in cubic meters vhiump = harvest volume per hectare in cubic meters
for management zone i, site quality index j, for management zone i, site quality index j,
species k, age class |, management regime species k, planting period 1, cutting period
m at period p. m at period p.
vtumy = thinning volume per hectare in cubic meters uvtumy, = thinning volume per hectare in cubic meters
for management zone i, site quality index j, for management zone i, site quality index j,
species k, age class 1, management regime species k, planting period 1, cutting period
m at period p. m at period p.
csimp = carbon storage per hectare in tons for man- csiwm = carbon storage per hectare in tons for man-
agement zone i, site quality index j, species agement zone i, site quality index j, species
k, age class |, management regime m at k, planting period 1, cutting period m at
period p. period p.
cilm = objective function coefficients for the corresponding subscripts.
Ajw = area in hectares for management zone i, site quality index j, species k, age class I,
CA;» = harvesting area in hectares for management zone i, site quality index j, period p.
PA;; = planting area in hectares for management zone i, site quality index j, period l.
FA;, = area in hectares for management zone i, age class a at the ending period.
Mp = the set of management regime harvested in period p. n = number of periods.
FEa4 = the set of decision variable which is included age class a at the ending period.
GAi, = lower bound of area in hectares for management zone i, age class a at the ending period.
VH, = volume harvested at period p. VT, = volume thinned at period p.
VS, = total production volume at period p. ZA; = area in hectares for management zone i.
CS, = carbon storage at period p. CB, = total cost in period p.
GB;, = upper bound of budget at period p. GC, = minimum carbon storage required at period p.
GV, = minimum production required at period p. cpi = allowable cutting rate in management zone i.
se = soil erosion per hectares in cutting period. m#» = minimum regeneration rate for species k.
a = allowable decreasing rate in production. A = allowable increasing rate in production,
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Table 2. Growth-and-yield function by species

%HE WHEEHETE A% HRHR®%R KA

Species 3 Pararzeters c Equation form

P. densiflora (for.erecta) 307.816 0.060 3.114 V=a(l— e O°
P. densiflora 246.030 0.054 3.795 "

P. koraiensis 339.690 0.047 2.654 ”

Larix spp. 426.363 0.044 2.103 "

P. rigida 422.999 3.983 0.053 V=ae "
Cryptomeria spp. 341.400 1.287 0.058 V=ae ¢
Chamaecyparis spp 263.640 1.210 0.060 ’
Quercus acutistima 391.583 0.029 2.020 V=a (1— e )¢
Quercus mongolica 256.941 0.040 2.013 "
Populus spp. 348.739 1.818 0.175 V=ae <"~

Table 3. Carbon storage rate by species

V : stand volume per unit area(m’/ha), T : stand age

Speceis Specific gravity ~_ Biomass conversion rate  Conversion ~ Carbon
oven-dried(dm/ ) Stem Root factor  storage rate
P. densiflora (for.erecta) 0.4 1.59 1.22 0.5 0.43
P. densiflora 0.44 1.59 1.22 0.5 0.43
P. koraiensis 0.43 1.74 1.22 0.5 0.46
Larix spp. 0.56 1.22 1.22 0.5 0.42
P. rigida 0.49 1.44 1.22 0.5 0.43
Cryptomeria spp. 0.41 1.26 1.22 0.5 0.32
Chamaecyparis sSpp. 0.45 1.28 1.22 0.5 0.35
Quercus acutisima 0.80 1.33 1.31 0.5 0.70
Quercus mongolica 0.78 1.31 1.31 0.5 0.67
Populus spp. 0.33 1.33 1.31 0.5 0.29
0.023¥ /ha, vl AR 0.0038/hagd viel A sk k.
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Table 4. Inventory data by age class

Age class Stock
Zone 1 i m \% A% Total (m /ha)
1 area (ha) 39 265 244 426 89 1,063 58.7
stock (m’) - 9,238 30,153 16,073 6,916 62,380 )
5 area (ha) 124 393 344 443 14 1,318 3.9
stock (m’) - 21,209 17,381 18,105 1,120 57,815 :
3 area (ha) 210 108 319 297 15 949 9.6
stock (m) 10,181 3,378 12,292 10,289 1,395 37,535 )
1 area (ha) 114 545 316 143 - 1,118 39
stock (m’) 125 16,039 16,390 4,174 - 36,728 :
Total area (ha) 487 1,311 1,223 1,309 118 4,448 3.7

stock (m’) 10,306 49,864 76,216 48,641 9,431 194,458

Other broadleaf spp.
(48%) Larix leptolepis Other broadleaf spp.
(17%) (38%)

Larix leptolepis
(26%)

Oth . Pinus k ensis Other spp. . Pinus korajensis
i) Quercus mongolica’ " (n5py (1) Quercus mongolica (20%)
(9%) (16%)
(a) Area (b) Stock

Fig. 1. Forest inventory by species
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Table 5. Scenarios based on formulation types and scenarios under intensities of constraints

Scenarios A B C D
Formulation type 1 i o il
Rotation a zone 1, 2, 4 base” base” base” base”
otation age zone 3 base + 20 base + 20 base + 20  base + 20
Initial cut for zone 1, 2 < 10th period < 10th period < 10th period < 10th period
existing stands zone 3, 4 - - - -
b o, 0, o, [+)
Nondeclining yield g.. O_A O_A 0_/) ¢ 1_9/)
9 cut area zone 1, 2 < 20% < 20% < 20% <15%
°b zone 3 < 15% < 15% < 12% < 5%
v zone zone 4 < 5% < 5% < 3% < 1%
Soil erosion zone 1, 2 < 0.05 < 0.05 <0.03 < 0.03
(ton/ha)/ zone 3 < 0.02 < 0.02 < 0.02 < 0.02
vt zone 4 < 0.01 <0.01 < 0.01 < 0.01
T‘“;::; ‘;"e"r‘l‘:;(t::? ™ after 10th perid  » 200,000 > 200,000 > 200,000 > 150,000
Ca’b"“pefi:ag‘;h‘; B ofter 10th period > 350,000 > 350,000 > 400,000 > 500,000
Ending inventory zone 1, 2 > 100ha > 100ha > 100ha > 100ha
(for each age class of zone 3 > 100ha > 100ha > 100ha > 30ha
1 through VI) zone 4 - - - -
9% area of hosen  20P€ 1, 2 5% ~30% 5%~30% 5% ~30%
* rege::r;itfm zone 3 - 5%~20%  5%~20%  5%~20%
zone 4 - - -

* The minimum rotation by species following the guideline issued by the Korean Forestry Administra-

tion.
** See Table 1.

Table 6. The difference in timber production and carbon storage of scenarios

Scenarios A B C D
Timber production(l,000m’) 3,553 4,187 3,914 3,018
Carbon storage(1,000ton) 10,273 8,546 9,167 10,709
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Fig. 2. The optimal flow of timber production
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