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An Integration of Multiobjective Programming and
Geographic Information System in Timber Management
Planning

Dar-Hsiung Wang!»

[ Summary ] .

Timber harvesting scheduling is the central task in timber management planning, In order to fulfilf
the multiple use of forest resources, the issues related to forest ecosystem, timber production capacity,
environmental concern, and aspects of socio-sconomy and policy should be taken into account in timber
management planning. Geographic Information System (GIS), a very powerful tool, provides sound
geographic spatial information, Growth and yield models reflects the simulation of biological response.
Multiobjective Programming (MOP) is served to solve for multiohjective harvesting scheduling problems.
Timber production and soil loss are pursued in the harvesting scheduling model. Universal Soil Loss
Equation (USLE) is used to estimate the sheet and rill erosion on forestlands resulting from alternate
harvesting strategies. The actual data from Alishan National Forest in Taiwan is used to demonstrate the
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integrity of GIS and MOP in timber management planning.
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Fig. 1. Compartment map of Alishan Working Circle. {Source: Taiwan Forestry Bureau)
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Fig. 2. Flewchart for timber management planning,
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Fig. 4. Slope map of studied area.
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Fig. 6.,‘lBuffer Zzone area within 50-meter distance
o -
”‘_i to streamside.

Fig. 7. Buffer zone area within 500-meter
distance to forest road side.

Fig. 8. Spatial distribution of timber management
areas.
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Table 1. Description of analysis area for Chamaecyparis formosensis in studied area.

Analysis area  Age class Area (ha) Symbol Compartment and subcompartment
1 1 43 CF1 185-001, 186-017, 185-009, 185-010,
011-014, 011-015, 219-023, 014-¢11,
2 2 24 CF2 241-010, 153-007, 216-019, 217-080,
3 3 48 CF3 003-014, 003-017, 003-022, 216-007,
: 216-008, 218-004, 019-004, 019-006,
019-009, 020-002, 014-006, 219-003,
219-006, 219-007, 005-042, 005-044,
0035-046, 077-003.
4 4 44 CF4 004-001, 004-004, 019-007, 006-021,
006-031, 006-016, 007-001, 007-002,
216-002, 004-006, 005-047.
5 6 17 Cré 216-013, 217-001, 003-025, 006-004,
6 7 42 CF7 216-012, 005-009, 005-026, 216-006,
216-011, 216-003, 216-010, 219-008,
003-006, 005-006.
7 8 12 CF8 005-013, 005-015, 005-004.

Table 2. Cutting age and abbreviation for species in studied area.

Species Abbreviation Cutting age (y)
Chamaecyparis formosensis CF 80-120
Chamaecyparis laiwanensis CT 80-120
Cunninghamia konishii CK 50-100
Pinus taiwanensis PT 40-60
Cryptomeria japonica cl 30-60
Cunninghamia lanceolata CL 20-40
Taiwania crypiomeriodies TC 50-50
Acacia confusa AC 20-40
Fagaceal FA 40-70
Other hardwoods OH 40-70
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Table 3. Management alternatives for
Cryptomeria japonica with 35 years oid
during the planning horizon.

Management Cutting period

regime 1 2 3 4 3 6
1 E R
2 E R
3 E R
4 E
5 E R
6 E R
7 E
8 E R
9 E

Note: E: regeneration harvest of existing stand;
R: regeneration harvest of future stand.
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Fig.9. Yolume yield for (a) Cunninghamia
konishii; (h) Chamaecyparis taiwanensis; (¢)
Chamaecyparis foromosensis.
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Table 4. Timber yield and soil loss produced for a planning horizon in the Chamaecyparis formosensis

area with alternate management regimes.

Management  Timber yield Soil loss Management  Timber yield Soil loss
regime {m%ha) (tons/ha) regime (m*/ha) (tons/ha)
CF301 oy 1685 CF701 320 14935
CF302 279 3414 CF702 330 14820
CF401 274 5803 CF703 338 13397
CF402 280 3120 CF704 342 10301
CF403 0 751 CF705 345 5532
CF601 316 1897 CF801 325 12243
CF602 322 1715 CF802 332 12243
CF603 326 1318 CF803 336 . 12149
CF604 330 708 CF804 339 10983
CF605 0 239 CF805 343 8444

" As the management regime keeps the stand uncut within the planning horizon, its timber yield for the

planning horizon is zero.
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Fig. 10, Variation of cover management factor
(C) during the planning horizen for (a)
Chamaecyparis taiwanensis with 65
years old and (b)
lanceolata with 35 years old.
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Table 5. Timber harvesting allocation for each period with timber production consideration only and

both timber production and seil loss consideration simultaneously, respectively.

Only timber production is considered

Both timber production and soil loss are considered

Period Harvest Harvest Analysis area
yield (m*)  area (ha)

Period  Harvest Harvest

Analysis
yield (m?)  area (ha) area

1 124,329 435 CLz, CL4, CLS,
CLs, CJ5, CJ6,
CJ7, CJI8, OHS,
AC4, ACe.
CL2, CL3, CH,
CJs.

CT7,CNn, C12
CJ3, Cl4, AC4.
CTe, CT8, CFe,
CF7, CF8, CLI,
CL2, CL3, CL4,
CL5, CL6, CJ2,
C13, CJ5, CJ6,
CJ7, CI8, TC2,
OH]1, OH2, OH3,
OH4, PT2, PT3,
ACe, FA3, CK2.
CT4, CF4, CJ4,
CIs, Cle, TC1,
OH8, AC4, ACs,
CK3.

2 124,329 435
3 124,329 502

4 124,329 394

5 146,192 594

6 193,849 804  CT3,CLi, CL2,

116,339 394  CL4,CLS, CLs,
CI7, CI8, OH1,

AC4, AC6,
116,339 399 CT8, CF7, CL3,

CJ4, CJs.
116,339 436 CL1,CL2,CI2,

Cj4, PT3.
116,339 486  CT6, CT7, CF6,

CL3, CJ1, (12,
CI3, CJ6, CI8,
TC2, OH4, CK2.

116,339 486  CT4,CF4, CL4,
CL5, CL#, CJ6,
CJ7, CI8, TCl1,
OHl1, OH2, OH3,
OHS, PT2, AC4,
AC6, FA3, CK1,
CK3.

CT3, CF3, CL1,
Cl4, CJs, CJ6,
CKl1.

136,522 504

CL3, CL4, CL5,
CLs, CI1, CJ12,
CI3, CI4, ACs,
CK1.
120,
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o
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Fig. 11. Variation of cover management factor
(C) during the planning horizon for
Cunrnighamia lanceolata with 55 years
old.
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