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Abstract

It is not an easy task for forest managers to choose proper techniques to plan an
appropriate thinning schedule for multiple forest management. The purpose of this
paper is to improve the efficiency of multi-choice goal programming (MCGP) in
searching better solutions and discuss the application of its related techniques toward
various forest management problems. After confirming the feasibility of thinning in
by cost-effectiveness analysis, the 3-level MCGP is firstly proposed to complete the
insufficiency of the MCGP technique by combining binary search algorithm with
MCGP and verify its efficiency by a credible Canadian multiple forest management
case. Second, the application of combining multi-segment goal programming (M SGP)
with linear programming to take both thinned area and thinning intensity as decision
variablesis evaluated by building a model of reducing carbon by thinning for artificial
Sugi. in Hsinchu Forest District. Finally, both three techniques is applied to propose a
thinning schedule for Hsinchu Forest District to achieve multiple forest management
when carbon reduction is considered.

The results show that MCGP can rapidly help forest managers to search for a
proper planning horizon for Canadian multiple forest management case. But, forest
managers may miss a better ideal solution while the set target goa values are far from
the best ideal solution. After expending the search range, 3-level MCGP can reduce
the search range by half in each run and avoid the number of comparison in MCGP
method. Second, the model built by MSGP with linear goal programming indicates
that 768 times of simulation can be finished in just one run and still get the
appropriate thinning schedule to maximize the carbon sequestration. Finaly, the
3-level MCGP and LP are applied to build a model for artificial Sugi. age-classes in
Hsinchu Forest District to plan an appropriate thinning schedule for multiple forest
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management when carbon reduction is considered. The results show that these two
techniques can reduce many simulations and compari sons in various thinning regimes
and combinations of target goal values to plan an appropriate thinning schedule to

achieve the expected carbon sequestration, jobs and soil protection goals.

Key Words : forest management, multi-choice goal programming, forest thinning,

carbon sequestration, multi-segment goal programming
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FJAE i [l A R S0 P RS B U SRR S B STHED 1775238
% 20.3torvha 26 £ LA R 1 BRSSO S ER A

HI27 HIES 14.4 ~ 15.8 ~ 14.3 & 10.6 ton/ha - ['] ﬁﬁf‘%ﬁ“EﬂJ?F THR L SAES AR
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E"E'*ﬁl* bR i BT ffilgfé.’ o« T 80 F ISP PRSI RE D

£ 5T B 8,700 tonvha i (VB » FE PR (R IS SR

/T4 8,800 £[] 9,500 ton/ha - ¥ F }H S SEPER T BE JIE AT fﬁ]ﬁﬁﬁwr
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ﬁEJﬂJFIJ SRR e j;'[}iﬁ'ﬁf%fﬁ%@?ﬂﬁﬂ (SHTE79 # 3R % 100 # » 5 I i 17

YRS 20 RS SRR IR AR (R P EE T R0 60 JYHAY T S [ hRp
% El (Pohjola and Valsta, 2007) - Jifi] > Vesterdal et al. (1995)?’: £ [*}é‘ﬁi@ﬁi%ﬁ%%
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PN EWM“TF A o AN ] ﬂJEb@ﬁf[Eﬂ YPE=I L ] “Jﬁ[“?’%
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i 1@\|$£FJE?UF&?EWﬁtﬁﬁﬂﬁﬁ'ﬁ#iﬁﬁﬁﬁﬁﬂﬁ RIS VR

AMSEETH 21 | BREAI RN (dynamic programming) S E[A (5 (55 ﬁﬁ&ii f’
B i‘”ﬁ?ﬂ){%?ﬁﬁﬁvﬁﬁ&. & Bﬁ(thmnmg)bﬁﬁﬁ@p@(thlnnlngmtensty) Fo e A S
fil#% (Brodie et ., 1078) = % Wil ([ (1 B (o IR S % (IO £ 4
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diameter growth) - iy T [fil % E'fiﬁ'ﬁ » I RS s [~ (Brodie and Kao,
1979; Kao and Brodie, 1980; De Kluyver et a., 1980) o Y75 FHF=F[H Al
REE -0 E ) EORE A FIE R R s A Uﬁ’glpu S (B T TR
(Diaz-Balteiro and Rodriquez, 2006; Yousefpour and Hanewinkel, 2009) -

SRS P SIBHIO (SOL A" BAERT L 38
IR PR R ERE PR RN PO R (R S - =l F}FJEE
(subproblems) i ¥ [ (stages) & F! |J;l’§ H& @E‘ddeuson variable) £~ 24 55

[J’?*/E\,- FepsfagEble(continuous variable) ﬁwppﬁ%ﬁ&ﬁ SES a%"mglyﬂﬁ , EJ[JF%FJ I

Fg@ﬁ@ L #5(Buongiorno and Joseph, 2003) - Kao and Brodle(1979)IS T %}{—Jﬁﬁ [
R0 IR 5 = 5 208 oA 5 ST IR PR L3 I vt
RS ORI TR ST )RR SRR - HFRRERE ) Poh Al
FEPGRAG AR S35 ST AR LT @A FIIF AR PR fre
SRS OPRIR £ > T PR EEm R RIS -

RO T3 » AP S0 LI A B Py - (s B S o B
B A PO R (B R BT (5 (s S0 2 D iR - Al A [’ng?—'l?%
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FURARAEEY - b i T 5 -
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FREFFEET (forest land management) £ Igp% PRI B0 ik AL Tl
AR xﬂﬂi B lﬁﬁ%‘ G| (AR VL (prescription) o SSUEHIRIRLAMSE T B ]
PRI 5 TR A R ) e Mﬁ:ﬁr R
Ejzij"*‘f (b 73 R P4 5 (P RE o ST » AL R R B i~ A5 ,
ﬁlﬁEﬁ FRLR I PRI AR PSS s A g - 11970 B Jﬁp S ‘5?
TFIPCEEHE = RSB > (i f:li'ﬁ: LRRIERY 2 F USRS ET - |
1= FRSEIRINE S fo B R SRS FTE AR A 2 IS AR E v E IS H
(goa programming)y V;\%Fﬂz%ﬁ i "' [(Weintraub and Romero, 2006) -
Field(1973)RLET~ {b | R HRRE R 1T 2 [ HRASTRE VSR H > Pl Eﬂﬁﬁ
EH R A E (priority settings) g - 2] F%Jug[ﬁﬁlff‘ﬂﬁu@g NES
AR E B ST R fil > 1 ﬁfﬁﬂﬂﬂr““ SEIH L ozl fE (i deal solution) -
G T BV APIAR] - P F )7 258 B0R E AR T T I
% | VI AFRRS “Fﬁfgg Bottoms and Bartlett(1975) ~ Bell(1976) ~ Arp and Lavigne
(1982) > Oliveira et al.(2003) =" * I') JLAE] U A FH[E il £ A i (weight) iy -
(priority)r%% SEFAEE R PSSR A EOPofhlaEs - RE S
i = Hotvedt(1983)FLRLAI™ | RAHRIEFHETTE 5 PRI (harvest horizon) ffife! 1%
FRAVHTAE - ') b g SR o4 [ IRV I - IR py 2 % e F I - b
ff TEH T '@%EU#?'F}E I*'ﬁﬂiﬁ’?ﬁ?‘.ﬂﬁi*‘j > f§]Y11 Diaz-Balteiro and Romero
(1998) i1 = | E VISP I AP 1 (£ 4 0 S FRpOPREY A 7 - IRy
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FrH BRI FTE RAY } PRUAEF YA N fo bl B e E A *KQTT > Bertomeu
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rg(edgeeffect)%jm 3 ﬁ’glp UPRPYIE T 4 P A lﬁ\? Y S (SR
(o R I  P pp
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ETRH YR o pe- FIJ"&E'@%F' [HiH URALS IR AT) B 2R
HLEMREERVIR TS {17 F 1 E USRI 5 IR = B0 Hotvetd(1983) 41 -4
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iflﬁ‘ﬁ“ﬂéé} 1 27,451 [&Kﬁgwl%}@j » EE[1 o BRI l%ﬁ'l'ﬁlﬁ 12% » == 2N FIpvER
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BN 1
(- ) WEFEYFHEF

F RIS, (goal programming)kLiTt Charnes et al. (1955)f 1" » X[ I L 2 | |
JFEJR ﬁJﬁL 1} (multi-objective decision problems, MODP) - [fij Charnes and Cooper
(1961) [ i i 1. = Fp AT BUR= S B~ F AR o e i AL 2 E I (linear
programming) » | MEAIEIEE F I TFIRR] 20 E RAT) R 1 - EER A AR
ffﬁj\rzﬁi.&ﬂ?ﬁ@ o K%@j%ﬁﬂﬂtﬁ@j V [HIpvEES (deviation) Y[R > & fﬁlFﬁ"éf:%; ElfJﬁﬁFi
s ] }%fi P g AW s R4 E%(deal solution) | o
%?ﬁ*ﬁ#', [Fil™ JI/:“EJE'%@’EFJE%U# PR RIS % UG THIRE > fp A 2
5= | A (lexicographic GP), A | &4 5[(weighted GP), T8 | I F[E
(min-max GP), #HT 145 (integer GP), %5+ | 118415|(zero-one GP) 504 142

3 (fuzzy  GP), v o =% [ AR 41 5]l (interactive GP) ™ 485 ok [EL i [ 422 41 5t
(chance-constrained GP)= % (Lee 1972; Ignizio 1976; Romero 1991; Tamiz et al.,
1995; Mendoza and Martins, 2006).

Ryl » Chang(2007)fic! 1+ [ F A 0 4 ¥ %E‘ff%?l’@ﬁﬁ :

[;El TF] 22 % (multi-choice aspiration level, MCAL)EJ’L IRE > #HiC I[ l;fﬂp

i1 E ) T I SR E VR L RS o [N PoF(JR] 224 ﬁ& iﬂ %

AHE TR E F R EF (multi-choice goal programming, MCGP) » [E;lﬁ\mi?{ 'l

o [ g 2 |1 (324 - Biswal and Acharya (2009)fi JEMT:{FPI”““JH

ﬂﬁpjgiﬁggf, I S SR R 4 T SR - v
FHFRE PR B Y e

Min>" w(d +d")

st fi(x)_di+ + di7 = erngijslj(B)’
I1=12,.,n, j=12,..m

d’,d >0,i=12,..,n

S,(B)e R(x), i=12,.,n

X € F(F isa feasible set)

A BREATEHAT) 0 W EURRIEEN(=1.2..0) - 5 1R EURE
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S8 F(X)=0n* Su1* S12+ 012" S * (1-S12)+Gua™ $12* (1-pa) » YU Ll = g = 7 Al
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— Tghik(single aspiration level )i~ | i ,ﬁ’ﬂl crr gl B g2 [ E R s x i
y §ifi~g1-g2 ® mn s8R IS5 Y 23587 abedo [* J|A~ WSS B 2 AR
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Mt Ve T R - A g7 g2 R fRE MR i R d i =
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T SO VI BT SR TN RTI T 9 the more the
better or the less the better) - 57— » 3k [i' [l % 11— flf 2 E) %f[ﬁ‘ﬁ"f?@ﬁ’l’ﬁ
SRR AT o E PO > 15 E R E R I T L
FIU’ﬁE":EJ o

single aspiration level single aspiration level multi- aspiration levels
gl gl gl g1
m g2’
a® g2 g2
b
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(Z) 2RISR

['1 Chang(2007)!" [ | SRR SRR PG FIHR IEI | CER
(KN F%J FH & > Liao(2009) jf"[ H F%Ju z B (coefficient) Eﬁ [ﬁ Ti}i % F Tt
(multi-segment aspiration levels, MSAL)EJF% IRE - & "%“J@T“E”@%J [Ji%f VA R

41 2 F F SIS (multi-segment goal programming, MSGP) » B3RS Y
2 ”EJ e PRV o @R pURER S A

Achievement function:

MinY>" (d +d")

Goals and constraints:

>S(B)SX +di~d =G =12,..m

XeF
(F isafeasible set.)

Laio(2000)p 2 F | VEAPFILF BB f ] % | VSR B BLRE T e » it
TS Q2 M EVRPPIRAIAE ] - SR B () R () pétl B
B A i ’*E‘FH P IR 2 D 2T - AP Laio(2009)fVEE S
A ALl %”EI%'F‘E E’rfrw[ll@r%s | N REYRIG=1,2,...,0) 2 IS EHEES
BESZ AR (d) > SiB)S;X P I LRI (4 i £3 | MR - AR X i i
A F VRN pok g RSY 1 [l | SRR o AR S FILRL X sl
(EEEj ([RVensp 2 “JE%%_SZ Bt | 28 gl (multi-segment aspiration
levels)iuf# ) - ﬁfﬁ@%‘ﬁ A ) ERHRRRe [N AR Si(B)RL— Ll = o fd
E‘WY[E‘\T?E I e W S0=1,2, m) s BV X [

AL | - s ReeE | = e R S v@ﬁ‘@%ﬂiﬁﬁwr%%o
X [0 G Lt A Dt i* St (L-bio)* Sk bz (11n)* S™ b 71 bz 43 7
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5 PRk (Monte Carlo simulation) 5. TI@ SRR S - A
Fope f A RENE JE g I =R JW?VFD"}@EIWNQEQ@@?’FQﬁi o [Py
SR [sz S WIS SRR ) HCRGRIR - R
2Nl F' VREY ’32’%[ [t e 2 Bty SRR L R [ E] 2 A e L (Hertz and
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PR TR 5T ) 3 o polap e (e pe e I S ad W psyay > 0 £ 7
[Fil iRy 4 35 53 ) o FREHE GG (Hillier, 2001) -
AMFEFT B fa o P (risk and uncertainty) » = RURINT =
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G =B ﬁguﬁﬁj@éﬁ fii](Brazee and Newman, 1999) - flﬁ% Py RS
AHREETH T 7 5 [Fn f. R AP RT BE R -
ﬁ**WFEEﬁ?%?i PR SR R PR e o 1Y) Dieter
(2000)1" | FE Bk 1191k =54 M [ BEVEER S Rl AR o [ 5
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BTSRRI EIETFTAVH Sl [ £ Markov- chain transition
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60% 08528 04501 0.2673 0.1818 1.0145 0.4923 0.2566 0.8910 0.4286 0.8103
21-30 0% 02154 0.1673 0.1293 0.1001
20% 03543 02278 0.1513 0.1088 0.3007 0.1879 0.1216 0.2584 0.1572 0.2259
40% 05571 03106 0.1804 0.1201 04955 0.2679 0.1499 0.4468 0.2185 0.4094
60% 08956 04367 02226 01361 08637 03291 0.1928 0.7613 0.3357 0.7158
31-40 0% 01512 0.1239 0.0964 0.0741
20% 02828 0.1822 01178 0.0826 0.2523 0.1533 0.0951 0.2218 0.1298 0.1969
40% 04794 02618 0.1460 0.0936 04399 02310 0.1227 0.4047 0.2060 0.3761

60% 0.7954 0.3833 0.1870 0.1093 0.7528 0.3495 0.1628 0.7100 0.3220 0.6752

67



~ BORIE T R R S
P AR W EURE S 1 Al AR 2R R
RS SRR SR PRAR I R 7-3-10 PO S PR ORI -
CIS CRE AR I = U% ARSI 2,694.75 o {EITE BV~ = P
ﬁﬁi%ﬁ[*»p-l%ﬁu IF{F] 1,450.57 ~ 1,326.22 1 2,120.73 11 - [ WIIUA LS A
P ARSI SRS TR T U IS T 0 ST R 324,826.31 -
353,423.55 + 340,091.95 ~ 361,301.22 ** i o [FFEZR GaT 5~ HpLZAL S JUAEAY
ST AL i’%ﬁ[’%ﬁw%ﬁﬂﬂﬁkw?ﬁﬂ%ﬁ%ﬁiﬁy °
5 WP R 10-20 5 2 pURIRJAALES i SRRy -
2,248 [ G S o B ARTE ST SRR I A P8 OGRS ) F # 20-30
i OIS 0.75 21 i 30-40 £ TS 446 2T ) 2 gy b3
AEE RS RIS i S Sk ly o 37 WAV 1SR T 177,828.81
+ Il puﬁ*ﬁﬁfj RS AN T G (ST 10%AOREGR] BT AR
S EUR @ H EET *UE‘HLIEF*E&HFJEHH*% “4E! -
£ mf‘ﬁ@ AP RIS A R REEEST REFFRER (i 512
HPRRRVZA S o % & 13 195,611.60 ) Y AL E=5- WIRVE £l 15 10% ig%ﬁf?ﬁ
(57 = Rrphiggsd 30-40 F & puff s A > HiE S 1,065 "-Flpjgﬁ@ S PJ wy
A% 10-20 OS] L5 385 2 FIRVF VR RS o T 5T R - 651.22 1 FipvEg
20-30 F % 55 676 2t FIpEgEs 30-40 F 4 bk H 4 & 215,172.81 5 2T Y
SRS o et o T SYUIRRIN B AR (AR A L UE A 20-30
S AURRST T 2,120.73 P FIPY I AES  H F & 236,690.10 7 H Y USRS A
= DRSPS AR B R H AR Q)P A AR IR i
P47~ 3186.73 2t IR A R[S o
DI A S S IR AT lﬁlﬁl*miw%ﬂfé FVRUP i L (S i b A
% i 2 AP IR SRR « IR BV  $30 R 59 LIRS
PRV PR IEHI@:%[*EH IR SRS o o [ AT R R
RN [T R R R SRS B S R gl ol B PRGN B 9
R S [P R SR S PR T B ’ﬁﬁﬁwﬂ SRR A E A F, e E 3k 2l

_!'H

Y iR = A b
68



e B VR LS
P FO PR BT B 7 | FS E USRIl S il - st e €
S5 ] [FfEsRR A 3 T}ﬁgwﬁ%gﬁﬁg A A T LﬁﬂW%é% ’

FEEE N (BRI IR o HO

AR
= {frtggas

(S - &1 1,379,643.03 Pﬁﬁﬁfjﬁﬁv;p& HE

T

(R

F' JJI/:L E3 _’?&F

..%E_ﬁ{iﬂ U TE

N R4

THRE LR LR URSIEIE o [ AR A

TR PIFTRT fH A AP FR Skl PR (e =
u%[&ﬁﬁgtp IFl > PR

HprFEplAS 825,302.8 T ) 2 NV

o Pt - F_IEJ*EEU%I*%&@}TBE‘J
FrESOn S SRl g 3 -

+r—A =

r~f~¥ J

5 S PO ,iﬁﬂ*“m&ﬁuﬁ%ﬁi 17|:, bl_,[J1016 282.82 [ JE&PVQ ’
POt 51 AR 818 i AT ST o Pt Ry OB 5 B -

* 731 SR

I ;pﬁfap;lﬁgg R

EEAEn,
=3 El

2" period 3%period 4" period 5" period total
BRe 7Bl 1120 141397.90 15258270 129748.40 107782.80  531511.80
(tons) 21-30 130083.90 122807.10 127188.10 195735.20  575814.30
31-40 5334451 78033.75 8315545 5778322  272316.93
total  324826.31 35342355 340091.95 361301.22 1379643.03
o1 1% period 2™ period 3“period 4" period no thinning
(ha) 11-20 2248 385" 0 0 0
21-30 0.75° 057™  651.22° 2120.73" 3186.73
31-40 446° 1065° 675° 0 0
total 269475 145057 132622  2120.73 3186.73
AL 1¥ period  2"period 3%period 4™ period total
(m®) 11-20 117165.80 29019.74 0 0 157903.27
21-30 78.37 4826 96538.61 236690.10  402939.93
31-40 60584.64 166543.60 118634.20 0  264459.74
tota  177828.81 195611.60 215172.81 236690.10  825302.80

M:p[ 7 A5, S SRS

69



P4 R

[0 EH?F[J& *Uﬁ&p&wgl;@ﬁil F”EIF” 194 ¢7ﬁm,{~ﬁfj —H ﬁzﬁ'l%ﬁgﬁ'
PR 53 RS (R0, 00 IR R R - B 11-20 -
21-30 + 31-40 & & pupfs) v 51 ﬁF%EEﬂj i r*prﬁ? FhEl 5T IR 421.75+273.54
¥ 281.91 m¥lha > BERF 25 ST | I R ERETRE  [f1i
PEORUR A AR AR 7 % SRS R RO - R
E'Sff, -
Pk 11-20 & 31-40 & & pUbfos 5 AR S ip J?[%EE RGUREE L e SR Y
T3 IE TS R USRS I - BER 10-20 £ BRSSP (IR (S 35
F 7 ggEp J%”EE‘ T lﬂiﬂfj”*? ISR AT 25 7 & gk J%"EE'*J AR
& > TR [J&EFEﬂI fﬂffﬁl# AL o B 21-30 F 0PRSS TSRS IR AR
P Rl lﬂiﬂlﬁ”# et Jiﬁﬁ‘ ORI A S RS o P T gk
E'%[’F’FJ"’H‘%‘EJ’M‘%QJIHH‘/FT}N” SRR ORI 2 A [ 5 - F A
AP Pl 21-30 & & 4554 Jﬁfjj’:%ffii“ﬂl%ﬁ*fd i - El ?ﬁ?ﬁkﬁt WAL
WA NS % KBS (NI 31-40 & 2 [FfST 7 S S 3 o & Rkl

S (% :I?I%?Eipjzlsrf FrplE L o

70



FPAN TR R R E RIS IRl 5
PR T T R TR R AR I (MM
T oy O PERST R OSSO SR R S - A
e Rt T PIPT IR RS o R IPRINEbE T PORRIS B ] o IR R ] P
HPHHT PRI DR A 2TV [’[ﬁ{iﬁﬁl’,’ﬁﬁiﬁl’*%@ i E] 256(4")
R4S et [ e 2 V=t > | 768(3x256/ IR £

TR M pmw'm@r%t LU AR S [ ) 16,777,216(256°)7E
SARFSRE IR P BBV AR SR £ o (3 MSGP » 1k
H PRl AR S EE AR

AR [ PR kY fﬁﬁ‘ﬁﬁﬁ‘ﬂﬂﬂ SEA
1 o (RN eAgr A T R D AR A (stand) > FITEY (i 4 B (site
IndeX)wp T IRAREED - FIREE PR RIRR o gt o BRIV SR

& (R FIR] MSGP R T 2 [ T [FIA S AL B P o e 4 g
T PSR SR i 0 2 [EIF' i e F@{zw—ﬁ@ﬁ;l’r’ ﬁi—gﬁ*};%
BT TE] T = PO THIRE = ¥ =R b = W@EV‘%{ i I*’?E@E Y AV Chang(2008)
ARG %ﬁt'gq 2V S S AR 8 101 20%= 60%6f1 15k it JE%';P: VAU 20% -
40%+ 60%@{ e B HE SR IR 5 mmh LRV BRI
HERLAY - id 21-30 AUkt ) 3186.73 2 Fioh A o A S A ] - s
FEHR SRt B o TR R ZRVAS A -

71



FRFE - ATAHE AP S P RRIC R

IR BV R SR VAR RIA  AME | SR T R S AR
AP S TS Y VSR | VAR « 810 R SR
A R 5 = EHEE F URAIRIE LR E RAPRIE » AR TOMATRAR ¢
PR % E USSR R S IR« S PSR IR S B el
AR (R 72 (5 SSFED et e 7 2 R Tt i TV ’ﬁy@ﬂ»%ﬁ]‘ﬁﬁ eI
ﬂ“ﬁi%ﬁ“bi i Al T?Lﬁkﬂ = [EAMSEET EARFVRYE

F [lﬁ?ﬁl&ﬁ?%&%ﬁ@"{'ﬁﬁiﬁ*ﬁ g SR S
ﬁ“srifmju}i—] P UERVE R “%JL”\“ I*?%vﬁﬁfﬁlfll‘]‘@"filﬁ[ﬂﬁ R
@E”ﬁ?l;ﬂ’lfﬁ,@‘?ﬁ“ ] JI%JLE‘,E”@E@? = [ SO |V o 5 o AT
d“ﬂjﬁé[‘ﬁngoﬁj?ﬂ‘jwﬁi 7[‘{[[7[?/ R e T g‘WHF ISEARTEI (R AR
A S 20 ?FEHF[J&EFIEH E‘y VAT E“#i&&f if][@ﬁ;ﬁﬁiugl@ .

- ERMREESEE
(= Yo E IR

7GR EVEPRIE R - TR S A R e
1,379,643.03 L = & f“ﬁﬁé ﬁw’ﬁrﬂuﬂj%‘%wﬁ”@@ﬂ Ean ? -£% 1,380,000
e %JLEF'PBME'@@'” Pl S B (G R YR DAL Pt
Wt o [EIZAES [RLERh & puss N S i (5 ﬁ%’mﬂu,ﬁiﬂgﬂwbaﬁpuﬁ Bl 2

TG0 20% » J§H LT 1,100,000 P -

(= VIR AR AR

FFHED 20 F AP h # BIELIEL 825,308 < 2T R I TS 8
AL TR 20 5 [y R 4708 R AR YRR
IR 20 5 LI 5,000 R BT - [ CHRSUR €7 | RS 1 TRIBGET VR

P NEE TR S g‘“m"/ 2006 @%F%J“ﬁ FRREE AT ﬁ‘i%ﬁﬁf VB 2 % A £ 2,200 T
Em  EpE - A VI E RS 0.619 A 1 T AL L HIE VS ‘{;*;EW"E 1,299.9 F'f
wofg'I 2R ﬁ;{szz iERERS] %‘;35938%#1? [Z='d jﬁ IJ]IEIJ12999|E[ iifgﬁ%p” {
T i 3014.22 W [ERS - ) AT ED 5000 [ i i’?/ '[JJﬁF T
891 ﬁi’ﬁ&g‘

72



W EUALIR > Il SRR BB DR R PR A PR
ISR SRR SRR R 1.0 PRFCRL 2,800 RS (7 | R s -

E (SRS A P k> Q8 & & * RS S BRSBTS
(B~ FTAEERS - BT b%fﬁlﬁﬁq P oI5 = Bl A S TR 347
FOORHREL BB » (LS (000 AU B PR FS T (Rt R i
PEAES &7 5 UL D U Fé?EﬁF 15 % - FPERIR - &AL
RS AL " s VAT SRR R E ) A
%‘.T’*j B4 & B IRLS A (R F’%:** f52 & o (I SRS AR S
A S A B J«p” (£:10.95 % 4 3 Rl 5 7V £ E A (e
BRI (216587 4 R B SA (BE > BRI (2889 4 NN i

ETABEAD BT (7,065 2 N (R - 2000) R PR GHET ¢ R
AT PERMBETELE T (eI A 811 F > A f1EhE) * B F VAENET [Bh 3
(PR R~ 111260 1 2 R AR B R (R SR 53 )45 447.50 -
565.00 & 1247.50 = # T AL e

F 8-1-1~ KRS BRI - By ik

£
= F TERCR) PHRIED (R
S (e 2 1112.50
s 4 447.50
£ [ 7 565.00
SEHE 4 1247.50

AEA 17

73



(5 ) SR E B 1t

T SRR VR o b T B SR 5V THR S T U
A Eﬁ S RS 7,592 “gl’fl SRS SR 2 g B s g
Gl wﬁiﬂ’fﬂ LS SRR + R B KL 1,461.53 e (IR AT Y B 4
U AR ET o SRS R G VR DR R R R DR R
-+ R R f/ﬁﬂ\ i3] 1,461.53 7 [P < [RIF= > AT 1,500 2 RER FRE o ¥
7592 UL SR LS o [T 664.3 1Y+ SRR AP
2 BRI AR PV E R PAREERT, B00 2 I [RIGT R e = SR flEY E U
ﬁ‘%mfi/[ﬂ :

ol =zB( B)SE, . i=k (11

- %(FI@IPLTFHE R [ 2P AR RIS %JL » SEiju [N 3 it B T
EERLS (B (=K) > 2507 (=123 fUZA S ﬁ‘ﬁif?j\?ﬁﬁ}ﬁﬂjﬂﬁ 3l
fHILETEL ??I’h"@ﬁ@ﬁléf%ﬁﬁiﬁ% (2007) P -

"}?ﬁf Féfﬁﬁl’&*@@?ﬁ BESHIERE] S R IO > (B IR (2007) 228 1 -

f[as«lf’ﬁml UEER > S A1 B FF » AEER EHE 1128mm pj[fj[;ﬂ BT [r[
BT S UMY AGE R BRI ME‘E'FTPJIik PR B e i
FIS RIS S BAEE Gl o I B A R A BRI
g BRI T A S, ¢Wﬁ?§iﬁ5§ﬂ\ [FiIA TS 978 AT SRS 7
BRI » (EPPRESTIIR e TREFTPOINE e 3 BREVIRALED - T
BSR4 BB A E S A S Y l*}%{kﬁ“ SR 13D /SiE SRS
Jﬁ?i“’/ﬂﬁii#lﬁﬁ [FlA S ge 1 4 BipfierEl *lﬂyyu TR 8-1-2
A o

74



#< 8-1-2 ~ PIZA S PO+ B AT Bl

ARSI 4 AR (ton/ha)
Firs 0.3677

it 0.2272

17 0.1718

B 0.0875

erR VR BRI A (2007)

75



T ZERRBISER Y B S PR]

AT = WHGET '%%J%U??P?'ﬁ PR IR R IS ey 2P 1R
MRV A SR o Y 8-2-1 Fia o LRI BT VR 5‘ | F S i proAg )
HHEIREL 0% » SRjN] - BRI | "fﬁﬁ'ﬁf@ﬁ”ﬁj Ll A ”@EE’I 1,380,000

SR ] 5.3AY T A > {H@mfﬂjﬁl@ﬁlﬁﬁ”ﬁﬁﬁwﬂﬁﬁlﬁ@ 734
WH[5E ] 24.10%0 ™ [5F 2] H}*if&‘;‘ Tﬁlﬁﬁ”ﬁﬁﬁ WLIE A2 3,750 * % [75F] 20%
UL ] o NI ARy A E‘ = BT REEARRE

ES(Rs f A ﬁﬁlﬁfﬁdﬁé“éﬁﬁxﬁz 0% *' “ AR BT o = Rk
LB T R P I’HJ»LW*%%O i 20 1 5 E?,ﬁﬁha AR
FUBB T | IAZ2ET, 1,327,500 ° > m@ggtﬁugwfg% 967 *[H mﬁif%ﬁw@
£ 3,125 ffif o AR 5T TV R E%QPBE'BEU‘G%‘K%@ PR fifi 55 [T 90 7.06% %
250 » A = WP R T T2 T SR A - ) S I
E’lﬁfif—*éﬁi‘i?%%“gﬁ’iﬂ | BT T ORIV | "Fﬁlﬁl‘f[ ZYREE LI R
@F”E"fﬁlﬁl%{f” » I%E"@FIJE”@[E@E*JT & %E’Z?E”fﬁ > [EF bR
’f?ﬁ&ﬂ“ﬁi% E”fgﬂiﬁ”f@@%{fﬁl** Fﬁ'j”" 5%@ li; il@i‘iﬁkﬂﬁ'*ﬂﬂ““ﬁ“ 5
YRR o

e 8-2-1 - = [FHERINE I E T

e G s TR et U1 T ORI it

BRI 7 1380000 1380000 1380000 1345000 1345000
(ton) 11240000 [1310000 1345000 (1327500 1336250

1100000 1240000 (1310000 1310000 (1327500
+ 1500 967, 967 967 967
il 1000967 734 851 909 938
{2l (ton) 500 500 734 851 909
=4 5000 3750 3750 3438 3282
B 3750 3125 3438 3282 3204
( ~ ) 2500 2500 3125 3125 3125
ﬁ“ I/g\\r[?j SN EJZJL

FPIE S WA AR F'% Py E MR f{ AP L AR
8-2-2 T ISR o SIS [ ORI | 4818.78 1) AR
O3 Fof IR 11-20 1 3140 V53 » 53 IS 2633 1 2186 2 Fifiuf: -

PN e R PO e SR RS S PRI ) 5960.22 21 2 Rl
76



[ 21-30 N FIfObST ) 5949.22 2 > S LG AVTTE A -
TS R S R TR AR ;ﬁ[ﬁﬁﬂﬂﬂﬁzﬁw FIops g 11-20 =+
SRR 2 SR FR R =] DY PR R R e
B r-_f-F PR S o BRI R R AR TS A Bkl o 277 AR S
5@ TV W HOYH e 21-30 1 31-40 [t Rl N
%::Tv'%t[wr JREEHE DY WIRHPUTA S & o [l 3 kL - g8k 31-40 pupfsy
i JE&PE' e iR 21-30 fuARRSE o [ESTC HF?EEJJ‘ Al ol A (5 i 31-40 st
» (PGS 21-30 oty F A R A9 [ o ATHEEAT 1 8 2 R 2 R
[ 31-40 gk » SRS R k%pﬁ%ﬁ[ Jﬁﬂéﬁﬂjf ﬁEJT[H‘E[H BURIPUATS A £ B A
B I 9F o+ e TZLTFUE 81 s PI[| S E S Sapadiate 31-40 [Upf T 34 = S T R D
SRS R SB[ D 4 EREED -
¢fﬂm{g§%;}ﬁflgg:& i Flﬁf%ggu%:[%g %5 SEZFlERS 11-20 fuffo T E|
2300 PRV Y- HPHARE S IR AL - PR IR SRS B2 R
T BRSOy R IS - e Y SR
STHIE| 224 % 107 2 FIppE ﬁ%ir JIRTRR SRS o NGRS AT AT 9 S
PO FE I E A = > S pRIE g 31-40 fftss v 5T & PRSI 17 -
822 + 630 ¥ 706 1 FIFUFRISE S UG ALY o H R T HY A SO DT > (7]
DUV HRHIN 11-20 ARy 2 2 20-30 SGARAY 0.32 11 0 Y IR EGR
21-30 19 0.59 71 » ARG (AL iy el SRS A GRS 5 [
ISER o
SAS WS BRPP R pOsR s A 7%= g pritigsr 11-20 & 31-40 [t
55 ﬁHFJEJ S A FFEE] i Eﬁi’ﬁmﬂf’??{guﬁﬂﬂ S A YIFEEE BELﬁ[J » gl =
FYPARE ﬁ)uq'sr%glzz,lsaz& 12,8632.30 ~ 141,462.44 > 155,482.38 * 4, 2 'L »
ES LRSI 4 (P L P YRR I 2y T 0% AR > L R
(AR AR e e IR 2 PO 7 > [P VAR A 5 BRI IS A5
H&%@ﬁjﬂf[lﬁﬁfﬂﬂ T Pl IR ’niFi,\L[ﬁ;"—,““MZ?GZAOj VR TR
T AR EVIA 5O R TS A PR P o R 4 2
A5 L " SRR A S 3 2 [T I+ B B
FPHORN FASEE R RS R A A 722 T ﬁ&p&tf PR

FE RIS 11-20 R 21-30 RyfldE =R VbR E 0 20 FRAHGTHIE E
77



536,509.10 * 530,286.40 *[H[iV S [t o Ek 31-20 FfT VIR S AR SR
11-20 gk VAo 50 o (TR AR EIR S g 2 =0 b
260,704.52 7 ORI SR &ﬁﬁﬁgz@%w@gp} TR BT > BT 25T
DUSUTRR 53 4% 316,592.53 ~ 337,154.45 - 314,956.04 * 358,798.00 [ » 4 {fit {IHAH

AR BT 1,327,500.02 Y PRRY S SRR -

j@W@@WP@?%BEAS%@E}W%’%—%%wK%BZQTT
TIPS IR BT £ 399 O > (LI b [ RO R AR
PO (SR A D R (S Fqs%: = YDA - SR A i (T 186.96
194.08 > 186.96 * i » P IURAE! T 967 2 I+ BEI{IEHIET R -

ﬁi% e A e A rﬁ%dﬁzﬁ”ﬁ%mwﬁiﬁfﬁknE
TS &ﬁm BlI£% 697.07 ~ 733.85 ~ 807.05 * 887.03 {fif » A} 3125 {filffik
ifﬁe&;ﬁ ’ “Jiﬁftﬂﬁ H'HH 5 156.25 f[ﬁﬁ#ﬁ"ﬁ%ﬁ% o

HESRAT T F[?ﬁ%ﬁ‘%:“%?ﬁ%ﬁ‘ﬁﬁ# [ DR (5 Sl 2 | A
Fr R Jl- BT B ARPURRN [ 0 2 P USRS RV BRI T BIPE [  f R DR

A% TR B o o SR AT YD R 38% 0 RIfE ?Uﬁmfﬁ%@ﬁ‘
F R PRE < 9 TR (HEINS DA 33% ) (R P N R 2
RIEVEIfel ©

78



Fe 8-2-2 ~ Bl 2 P AR AR SRS R R

93— 1] 57 1 57— 1 Sy Ak no thinning
HEHFH AT 11-20 2300V 2% 224° 107° 2633.00 oV
(ha) 21-30 0 0.32"% 0.59" 0.87° 10.78  5949.22N
31-40 17° 822° 630° 706° 2175.00 11N
total 2317 824.32 854.59 882.87 4818.78  5960.22"
S 11-20 119876.00 7538  30708.16  17785.71  168445.25
(m®) 21-30 0.00 13.42 28.98 1652.57 1694.97
31-40 2309.28 12854350 11072530 136044.10 377622.18
total 12218528  128632.30  141462.44  155482.38  547762.40
TRV EUE AR 11-20 14260850 14980440 130962.40 113133.80  536509.10
(ton) 21-30 130073.00 122791.10 110783.30  166639.00  530286.40
31-40 43910.03  64558.95  73210.34 7902520  260704.52
total 31659153 337154.45 314956.04 358798.00 1327500.02
-+ i 11-20 395.14 0.18 50.89 24.31 470.52
{4 (ton) 21-30 0.00 0.03 0.05 2.24 2.32
31-40 3.86 186.76 143.14 160.40 494.16
total 399.00 186.96 194.08 186.96 967.00
iR ESE (L) total 697.07 733.85 807.05 887.03 3125.00

f

7 SEIIR AR » M VR RS W= S - N= RS

79



=~ L

FPHOAE S EHEE R RRETE & SR EURAPRE PO CORET TR 2
LSRG [VRAEEEE AR EIRE IR VIR pU A
SAMLETE R o T I A PORIED IR » R SR E R TR
[ At > A PR AR R FTIR FeRE= FOTIRE » (E A i FROVAs R
FORE & ARrUPRIRE - [ PR Rl E R IRV EUR » 7SRV S TR
AR AR MERLET (5 FRORET IR Lo (e i

RERT R AT 5 H iR R O E R ) P TR R

80



,é:;j\-ﬁ- > Q‘L%bh’) \zﬁ

T (i I T RS R SRR 7 AR I LR R
PSR EURFIRRRE 157 SR (ST | URARE LY 0| o LI HLEE e
B e VAR R i e PR fpf e [l 5 R R SRR b > AR =
PRS2 P VBt oo AR 6 R Pl opar = S TR s 7 57103
}?ﬁ?ﬁ?gﬁ”ﬁ—?ﬁﬂ U?%“v FTRLE IR o T A s H R S T
Bt o 1) 0 ERTRTEAIY © 2 AR J“v@ﬁ@%ﬂﬁ
il AL 45 U?#Hﬁ[*pl*ﬁbﬁ[*%’@ [ RBRFIRAT] B R PIFg A
P VBT AL ¢ sl | o = A MR R PRI 7
B S AT S R SRR S T -
F TP o HOE SRR [ s AR ] [N S B 2705
PR BIIAMRE R RPRIES o 0 A E“?{%?U
%&w%ﬁ?ﬁ B P RS L (e 58 S 4 PR R
o Eipf TR - R PR = PRI E VR SR TR R 8 T 7 F I
ﬁﬂw%iwﬁ’;ﬁﬂﬁﬁaéﬁ%ﬁﬁ%'ﬁﬁ #W%mm@“f%W~
LIV VR A AR » S S e - B
FUERRIE e B Tobepial 2P P IRERAS R R R AT
768 WISV E > BT VAR S LR S A o e S [RlEER )
5 PR S (L SRR B e T (LSS A ] H S
E S B E AT
R R LR L R Y SRR | MEIREE SR TG R
LY T SRR | PR - PR TP 3 R TP il o
(PP RSP EL BT ~ R 1 2 BRIGEAS YL Ve VAT D
1 SRS (2 S SR B L bl (AT e 2 R -
¢@%@ﬁ ST LT R E VR B E PRy A
(SR HE | HRAH]E (revised MCGP)RV 0 i e f R o 22 L ffdt i
[l » I A O T e IR R ) 20 DASLE T = 7 Rk
Bl STER s -
PPN - i I 3-level MCGP b MSGP 7 7 [S S % | 15

81



UV“EM P TP R DR P A R = ][RI AR lﬂﬂ['rﬁ@?
T R TbAsth T S 2 R A IS T A GBS AR I

PR RUH T BLRERRIE T RLAVIRIRET ] - 3-level MCGP 37 RIE | iy
r%“t MCGP I [#5 [ R 1 A 5l B ’ﬁlﬁEmt?{ 0] Gk GP &= EI'?JWE s Y12
ENRE VS o Ca ST | s = S O | R AR RE R Ml e 75 S T BCEN I 24l L i R
IR T U S A (0 SRR BION0 ST M TR i FI
PR B 2 A /‘F"‘Jﬁ’, JEE S PR IR I s e @t',’gmdﬁ{p
}%kﬁ‘ii’%ﬁ[*ﬁr WEBFVE Y RYES > TINS5 2 AR ~ Jepviys
M3 R LA PRIEEfH VAT < [ MSGP 7w M0 e il IR AT e
MCGP §% 3-level MCGP {1 % > [ﬂﬁzﬁjﬁé Iﬁ}{zj’éfglﬁl E@RW@Q( [k J’pltziu
PP % S SISO BGIRI D T b o PRI SR AR T
FEEETY 4 E;BWW O Y NI TR IR RIS A o S
PRI S i pogasthe e J5, ARe ] FIRPE oA PR IR E £ T bl e 171 -
FIIR RS [RLEE & @ Pre RS Ao sy [R50 [N ERE T 7 8 8L
?Q#k’r%ii% AR SR @RS g F'EFJEIU%EJI’%.": o PRI R A
MSGP % B AL IR » EIi - B = %&ﬁ]‘ SSEMA LI 'EF'JFTJI’ T
TR £ AL o

i R T T e S R BRI 5T Y B L R AR
ALEVHE] ~ PREPYHIR B R = (R fE'Eﬂ‘Tu Ea e
73 AR R EhEE R SRR PRI T VAR E ol » AP i Y T s
UAMSEEE, o TR S R i S | i@ FI [ R A S 4R o (EAR
T USFERATVE R ~ B S o PR T MCGP =2 3-level
MCGP 31t = H 8] - IRy - lilﬁ“\i’ﬁﬂﬁﬁl’*?,ﬂfﬁlfiﬁﬂ?fﬁff‘i?%?ﬁﬂ{ﬁ%ﬂ*l'“‘EfF P
-l’??i O WIRLA %;I%@?F%@ J Pt 2 | AR ASE Y l}aﬁfﬁg%@?t?ﬁ‘%ﬁ]‘ °
EXieess AN il F[?ﬁ‘ B+ POAP DIAE S BT o ] Jﬁlﬂﬁl%?%@?
EEL] > kT ERR Sk~ FBEE K a2 @Eﬁfﬁ?lfﬁ*’fﬁ@?@ﬁ’ Gl
B MCGP = 3-level MCGP 3% /415 » @Wﬂﬂwa?vfgﬁl%%%g@’ (YA
SR RS IAVRS S @ gEl o IR Shanon PR BR SRR HL
[ H g 2 P SRR T RIS TSRS A= T I
B [T PR OIS pi A fi;ézi [t = 2V AR =R TR



FB) MSGP B i RIS 1038 IR e 4 7 [p o g b

P (PR EST B O 4 R o b A PR
AV P I’E“éﬁ’ﬁﬁ%‘ﬁﬁﬁiﬁé‘?ﬁ'lﬁﬁﬁmﬁﬂﬁﬁﬁl 27 [ H PR i

D R T R i Sl LR L AT E U (bR
FIIB RIS BT Ay R

83



(TS IEERYE

= oL (1996). xR E, /E'/ﬁff%” FETEZE ) T Paper presented at the % f%
RS (IR 1, {1 R,

SRS, IRETE, SIS R, & PRAED. (2005). IS AT AL K
r—%«j. Q*ﬁ/ﬁ#ﬁ% f 7, 19(4), 293-300.

R, & FRAT. (1996). SRR S (5 {W R PRI 4 b 2 (S 355k 5 4.
FiATHE LS, 11(4), 475-480.

SHRET, AR, S BIRL RIS, M, & MEIE. (2005). AbRTREY
IR R SN IRV (T ;’/‘*ﬁ/ﬁ#ﬁ% f 7, 19(1), 43-53.

WA, PR, & BIPTAL (2000). DIRIBERACRSZEAGI N VP b
L[R2 i, 46, 41-84.

GEEET L (2000). FTTFUIS C T AR (R B S S A
fif

7Bl MRy, EETE, & ARETET. (2004). 7 SRR R RIS DA

BUPRE ORE B Bk RS, 18(4), 261-272.

2 H s, g@w@ ARGIENR F.Huﬁ & [, (1998). F§ sz «’zﬁﬁ&@caﬁ
IO ET. AHEE/575, 11(2), 156-162.

FEIL, FS, & [RETZ (2000). W) * ARG T E R g T A
7 R4, 15(1), 115123

FRiES, 2B, & FRkE (. (1999). I * = MR Sl s £ e, &
H R, 13(1), 51-60.

MR, D BIRL & FREEY. (2002). Jfkff*ﬁ”ﬂaﬁ%ﬂ&rw?,“ﬁlﬁ, Y At
[ S e N R 7y e 7 =, 16(2), 71-79.

Rk, RIS, & Mlenb. (2002). ¢l 2 ol M IRIES =i S RNE. 707
FFF 722 17(3), 291-299.

sy, SIS, BT, & S BIRL (2002). = NEMSEENT SR A
AP . APAEA 11(3), 311-321.

STV, (2006). S EE PR ET TS B AR S VR FE 5’/?‘ 13(2),

6-9.
84



SRV (2009). SRS SGIAG N T AR S S i I HHE ,77712/5/ i7", 16(2),
31-36.

B, KR & BT (2005). AIRJEIIIAISEE T PRy,
Zoological Sudies, 44(3), 393-402.

i (1982). ZLAFEFI IR G AT H Gy Vs i Bl Ay o 52

[[ESSEE

YRR, FF 2 HF 7, 110, 2-15.
P2 (2007). Zh{S {5 - T ARARE 4 LR, AR08 74 14(0),

10-13.

IBETE. (2000). [ETRRELE! S At & Vet S IV 5 TR
e

M 5. (1997). Byl Abk s f“‘ﬁ%é;f/i%'“ﬁéi T pr 2 %/ﬁf;’?ﬁff
16(2), 1-10.

P, & 2 . (2003). AT {1 BT SRR,

AT, TREFIY, & MY fle. (1976). AIF) = AL ASRALS (pp. 39-94): Bt ¢
WS R

MY, BN, & ) Horis, (1908). A SHEIS S IR BI pOT ot I
(Z).

SV FISH & RSTHE. (2008). W~ T HSR{S S 4V EHRUTAR. /8 pE
+ 7 39(1), 57-66.

—\

Arp, P. A., & Lavigne, D. R. (1982). Planning with goal programming: a case study
for multiple- use of forested land. Forest Chronicle, 58, 225-232.

Balboa-Murias, M. A., Rodrigues-Soalleiro, R., Merino, A., & Alvarez-Gonzéez, J.
G. (2006). Temporal variations and distribution of carbon stocksin
aboveground biomass of radiata pine and maritime pine pure stands under
different silvicultural aternatives. Forest Ecology and Management, 237,
29-38.

Baral, A., & Guha, G. S. (2004). Treesfor carbon sequestration or fossil fuel
substitution: the issue of cost vs. carbon benefit. Biomass and Bioenergy, 27,
41-55.

85



Bass, S., Dubais, O., & Costa, P. M. (2000). Rural livelihood and carbon
management. London: International Institute for Environment and
Development

Baumler, R., & Zech, W. (1999). Effects of forest thinning on the streamwater
chemistry of two forest watersheds in Bavarian Alps. Forest Ecology and
Management, 116, 119-128.

Bell, E. F. (1976). Goa programming for land use planning. Oregon: USDA Forest
Service.

Berndes, G., Hoogwijk, M., & Broek, R. v. d. (2003). The contribution of biomassin
the future global energy supply: areview of 17 studies. Biomass and
Bioenergy, 25, 1-28.

Bertomeu, M., & Romero, C. (2001). Managing forest biodiversity: a zero- one godl
programming approach. Agricultural System, 68(197-213).

Bettinger, P., Boston, K., Siry, J. P., & Grebner, D. L. (2009). Forest management
and planning. Boston: Amsterdam.

Biswal, M. P., & Acharya, S. (2009). Transformation of a multi- choice linear
programming problem. Applied Mathematics and Computation, 210, 182-188.

Bjornstad, E. (2005). An engineering economics approach to the estimation of forest
fuel supply in North- Trondelag country, Norway. Biomass and Bioenergy, 10,
161-188.

Bottoms, K. E., & Bartlett, E. T. (1975). Resource allocation through goal
programming. Journal of Range Management, 28(6), 442-447.

Bravo, F., Jandl, R., Gadow, K. V., LeMay, V. (2008). Forest management strategies
and carbon sequestration, in Gadow, K., Pukkala. T., Tomé, M. (Eds.),
Managing Forest Ecosystems. The Challenge of Climate Change. Springer
Inc., Heidelberg, pp. 179-194.

Brazee, R. J.,, & Newman, D. H. (1999). Observations on recent forest economics
research on risk and uncertainty. Journal of Forest Economics, 5(2), 193-200.

Bricefio-Elizondo, E., Garcia-Gonzalo, J., Peltola, H., & Kelloméki, S. (2006).
Carbon stocks and timber yield in two boreal forest ecosystems under current
and changing climatic conditions subjected to varying management regimes.
Environmental Science and Palicy, 9, 237-252.

Brodie, J. D., Adams, D. M., & Kao, C. (1978). Analysis of economic impacts on

86



thinning and rotation for Douglas- fir using dynamic programming. Forest
Science, 24(4), 513-522.

Brodie, J. D., & Kao, C. (1979). Optimizing thinning in Douglas- fir with three-
descriptor dynamic programming to account for accelerated diameter growth.
Forest Science, 25(4), 665-672.

Brose, P., & Wade, D. (2002). Potential fire behavior in pine flatwood forests
following three different fuel reduction techniques. Forest Ecology and
Management, 163, 71-84.

Buongiorno, J., & Gilless, J. K. (2003). Decision methods for forest resource
management. Boston: Academic.

Chang, C. T. (2007). Multi-choice goa programming. Omega, 35, 389-396.

Chang, C. T. (2008). Revised multi-choice goa programming. Applied Mathematical
Modelling, 32(12), 2587-2595.

Charnes, A., & Cooper, W. W. (1961). Management models and industrial
applications of linear programming (Vol. 1). New Tork: Wiley.

Charnes, A., Cooper, W. W., & Ferguson, R. (1955). Optimal estimation of executive
compensation by linear programming. Management Science, 1, 138-151.

Chiang, J. M., McEwan, R. W., Yaussy, D. A., & Brown, K. J. (2008). The effects of
prescribed fire and silvicultural thinning on the aboveground carbon stocks
and net primary production of overstory trees in an oak-hickory ecosystemin
southern Ohio. Forest Ecology and Management, 255, 1584-1594.

Cluitter, J. L., Fortson, J. C., Pienaar, L. V., Brister, G. H., & Bailey, R. L. (1983).
Timber Management: A Quality Approach. New York: Wiley.

Davis, L. S, Johnson, K. N., Bettinger, P. S., & Howard, T. E. (2001). Forest
Management. New Y ork: McGraw-Hill.

DeKluyver, C. A., Dadllenbach, H. G., & Whyte, A. G. D. (1980). A two- stage,
multiple objective mathematical programming approach to optimal thinning
and harvesting. Forest Science, 26(4), 674-686.

Demirbas, A. (2004). Bioenergy, Globa Warming, and Environmental Impacts.
Energy Sources, 26, 225-236.

Diaz-Badlteiro, L., & Rodriquez, L. C. E. (2006). Optimal rotations on Eucalyptus
plantations including carbon sequestration- A comparison of resultsin Brazil
and Spain. Forest Ecology and Management, 229, 247-258.

87



Diaz-Balteiro, L., & Romero, C. (2003). Forest management optimisation models
when carbon captured is considered: agoal programming approach. Forest
Ecology and Management, 174, 447-457.

Dieter, M. (2001). Land expectation values for spruce and beech calculated with
Monte Carlo modeling techniques. Forest Policy and Economics, 2(2),
157-166.

Domac, J., Richards, K., & Risovic, S. (2005). Socio- economic driversin
implementing bioenergy projects. Biomass and Bioenergy, 28, 97-106.

Eriksson, E. (2006). Thinning operations and their impact on biomass production in
stands of Norway spruce and Scots pine. Biomass and Bioenergy, 30, 848-854.

Fearnside, P. (1999). Forests and global warming mitigation in Brazil: opportunities
in the Brazilian forest sector for responses to global warming under the "clean
devel opment mechanism”. Biomass and Bioenergy, 16, 171-189.

Field, D. B. (1973). Goa programming for forest management. Forest Science, 19,
125-135.

Field, D. B. (1973). Goal programming for forest management. Forest Science, 19,
125-135.

Finkral, A. J., & Evans, A. M. (2008). The effects of athinning treatment on carbon
stocks in a northern Arizona ponderosa pine forest. Forest Ecology and
Management, 225, 2743-2750.

Freppaz, D., Minciardi, R., Robba, M., Rovatti, M., Sacile, R., & Taramasso, A.
(2004). Optimizing forest biomass exploitation for energy supply at aregional
level. Biomass and Bioenergy, 26, 15-25.

Fukuda, M., lehara, T., & Matsumoto, M. (2003). Carbon stock estimates for sugi and
hinoki forests in Japan. Forest Ecology and Management, 184, 1-16.

Guan, B. T., Huang, Z. B., & Chung, N. J. (2003). Possible impacts of climate change
on potential tree plant forms of a mountain region in central Taiwan. Taiwania,
48(4), 259-272.

Harmon, M. E., & Marks, B. (2002). Effects of silvicultural practices on carbon stores
in Douglas- fir—western hemlock forests in the Pacific Northwest, USA.:
results from a simulation model. Canadian Journal of Forest Research, 32,
863-877.

Hayes, J. P., Chan, S. S., Emmingham, W. H., Tappeiner, J. C., Kellogg, L. D., &

88



Bailey, J. D. (1997). Wildlife response to thinning young forests in the Pacific
Northwest. Journal of Forestry, 95(8), 28-33.

Heikkila, J., Sirén, M., & Aijad4, J. O. (2007). Management alternatives of energy
wood thinning stands. Biomass and Bioenergy, 31, 255-266.

Helms, J. A. (1998). The Dictionary of Forestry. Bethesda, MD: Society of American
Forests.

Hertz, D. B., & Thomas, H. (1983). Risk Analysis and Its Application. New York: N.
Y.: Wiley.

Hillier, F. S., & Lieberman, G. J. (2001). Introduction to Operation Research (7th ed.).
New York: N. Y.: McGraw-Hill.

Homeyack, J. A., Harrison, D. J., & Krohn, W. B. (2005). Long-term effects of
precommercial thinning on small mammalsin northern Maine. Forest Ecology
and Management, 205, 43-57.

Hotvedt, J. E. (1983). Application of linear goal programming to forest harvest
scheduling. Southern Journal of Agricultural Economics, 15, 103-108.

Huang, C. H., & D., K. G. (2001). The cost of sequestering carbon on private forest
lands. Forest Policy and Economics, 2, 133-142.

Ignizio, J. P. (1976). Goal programming and extensions. Lexington: Lexington
Books.

Judge, G. G., Griffiths, W. E., Hill, R. C., Lutkepohl, H., & Lee, T. C. (1988).
Introduction to the theory and practice of econometrics (2nd ed.). New Y ork:
Wiley.

Kanninen, M., Péres, D., Montero, M., & Viquez, E. (2004). Intensity and timing of
the first thinning of Tectona grandis plantationsin Costa Rica: results of a
thinning trial. Forest Ecology and Management, 203, 89-99.

Kao, C., & Brodig, J. D. (1979). Determination of optimal thinning entry interval
using dynamic programming. Forest Science, 25(4), 672-674.

Kao, C., & Brodie, J. D. (1980). Simultaneous optimization of thinnings and rotation
with continuous stocking and entry intervals. Forest Science, 26(3), 338-346.

Kimmins, J. P. (1997). Predicting sustainability of forest bioenergy production in the
face of changing paradigms. Biomass and Bioenergy, 13(4), 201-212.

Klemperer, W. D. (1996). Forest Resource Economic and Finance. New Y ork:
McGraw-Hill.

89



Larocque, G. R., Bhatti, J. S., Boutin, R., & Chertov, O. (2008). Uncertainty analysis
in carbon cycle models of forest ecosystems: research needs and devel opment
of atheoretical framework to estimate error propagation. Ecological Modellin,
219, 400-412.

Lee, S. M. (1972). Goal programming for decision analysis. Philadel phia: Auerback.

Levitin, A. (2003). Introduction to the Design & Analysis of Algorithm. Boston:
Addison-Wesley.

Liao, C. N. (2009). Formulating the multi- segment goal programming. Computer and
Industrial Engineering, 56, 138-141.

Malinen, J., Pesonen, M., Maatta, T., & Kganus, M. (2001). Potential harvest for
wood fuel s(energy wood) from logging residues and first thinning in Southern
Finland. Biomass and Bioenergy, 20, 189-196.

Matthews, J. (1989). Slvicultural Systems. Oxford: Oxford University Press.

Matthews, R. W. (2001). Modelling of energy and carbon budgets of wood fuel
coppice systems. Biomass and Bioenergy, 21, 1-19.

McAllister, W. (2007). Data structures and algorithms using Java. Sudbury: Mass:
Jones and Bartlett Publishers.

McHale, M. R., McPherson, E. G., & Burke, I. C. (2007). The potential of urban tree
plantings to be cost effective in carbon credit markets. Urban Forestry and
Urban Greening, 6, 49-60.

Mederski, P. S. (2006). A comparison of harvesting productivity and costs in thinning
operations with and without midfield. Forest Ecology and Management, 224,
286-296.

Mendoza, G. A., & Martins, H. (2006). Multi- criteriadecision analysisin natural
resource management: A critical review of methods and new modeling
paradigms. Forest Ecology and Management, 230, 1-22.

Nhantumbo, I., Dent, J. B., & Kowero, G. (2001). Goal programming: Applicationin
the management of the miombo woodland in Mozambique. European Journal
of Operational Research, 133, 310-322.

Nurmi, J. (1999). The storage of logging residue for fuel. Biomass and Bioenergy, 17,
41-47.

Oliveira, F. d., Volpi, N. M. P., & Sanquetta, C. R. (2003). Goa programmingin a
planning problem. Applied Mathematics and Computation, 140, 165-178.

90



Peltoniemi, M., Palosuo, T., Monni, S., & M&kipé4, R. (2006). Factors affecting the
uncertainty of sinks and stocks of carbon in Finnish forests soil and vegetation.
Forest Ecology and Management, 232, 75-85.

Plantinga, A. J., Mauldin, T., & Miller, D. J. (1999). An econometric analysis of the
costs of sequestering carbon in forests. American Journal of Agricultural
Economics, 81(4), 812-824.

Pohjola, J., & Vasta, L. (2007). Carbon credits and management of Scots pine and
Norway spruce stands in Finland. Forest Policy and Economics, 9, 789-798.

Richards, K., & Stokes, C. (2004). A review of forest carbon sequestration cost
studies: a dozen years of research. Climatic Change, 63(1/2), 1-48.

Rio, M. d., Barbeito, |., Bravo-Oviedo, A., Caama, R., Cafidllas, |., Herrero, C., &
Bravo, F. (2008). Carbon sequestration in Mediterranean pine forests. In K.
Gadow, T. Pukkala& M. Tomé (Eds.), Managing Forest Ecosystems. The
Challenge of Climate Change (Vol. 17, pp. 221-245). London: Springer.

Romero, C. (1991). Handbook of critical issuesin goal programming. Oxford:
Pergamon.

Salas, C., LeMay, V., Nufiez, P., Pacheco, P., & Espinosa, A. (2006). Spatial pattern
in an old-growth Nothofagus obliqua forest in south-central Chile. Forest
Ecology and Management, 231, 38-46.

Schlamadinger, B., & Marland, G. (1996). The role of forest and bioenergy strategies
in the global carbon cycle. Biomass and Bioenergy, 10(5), 275-300.

Schlamadinger, B., Spitzer, J., Kohlmaier, G. H., & Ludeke, M. (1995). Carbon
balance of bioenergy from logging residues. Biomass and Bioenergy, 8(4),
221-234.

Schoeng, D., & Netto, M. (2005). The Kyoto Protocol: what does it mean for forests
and forestry? Unasylva, 222(56), 3-10.

Sheeran, K. A. (2006). Forest conservation in the Philippines: A cost- effective
approach to mitigating climate change. Ecological Economy, 58, 338-349.

Sorensen, C. D., Finkral, A. J., Kolb, T. E., & Huang, C. H. (2011). Short- and
long-term effects of thinning and prescribed fire on carbon stocks in ponderosa
pine stands in northern Arizona. Forest Ecology and Management, 261,
460-472.

Sullivan, B. W., Kolb, T. E., Hart, S. C., Kaye, J. P., Dore, S., & Montes-Helu, M.

91



(2008). Thinning reduces soil carbon dioxide but not methane flux from
southwestern USA ponderosa pine forests. Forest Ecology and Management,
255, 4047-4055.

Swisher, J. N. (1991). Cost and performance of CO2 storage in forestry projects.
Biomass and Bioenergy, 1(6), 317-328.

Tamiz, M., Jones, D. F., & Eldarzi, E. (1995). A review of goal programming and its
application. Annals of Operation Research, 58, 39-54.

Vesterdal, L., Dalsgaard, M., Felby, C., Raulund-Rasmussen, K., & Jergensen, B. B.
(1995). Effects of thinning and soil properties on accumulation of carbon,
nitrogen and phosphorus in the forest floor of Norway spruce stands. Forest
Ecology and Management, 77(1-3), 1-10.

Weintraub, A., & Romero, C. (2006). Operations research models and the
management of agricultural and forestry resources: areview and comparison.
Interfaces, 36(5), 446-457.

Worrell, R., & Hampson, A. (1995). The influence of some foret operations on the
sustai nable management of forest soils—areview. Forestry, 62, 62-85.

Yanai, R.D., Twery, M. J., & S, L. S. (1998). Woody understory response to changes
in overstory density: Thinning in Allegheny hardwoods. Forest Ecology and
Management, 102(1), 45-60.

Yin, Y., Wu, Y., & Bartell, S. M. (2009). A spatial smulation model for forest
succession in the upper Mississippi river floodplain. Ecological Complexity, 6,
494-502.

Y ousefpour, R., & Hanewinkel, M. (2009). Modelling of forest conversion planning
with an adaptive simulation- optimization approach and simultaneous
consideration of the values of timber, carbon and biodiversity. Ecological
Economics, 68, 1711-1722.

92



44

i F e

fitgh B AR Y 25

Table 5. Goal programming: matrix formulation (initial simplex tableau),

Compartment # j 1 2 3 4 5
Land-use policy A B C D A B C '] A B C 0 A B C 1] A B C [
variable L LF X3 Ky Ky Xy X7 ] Xy Xlg %11 Mz X3 Xiw X1y Feg M7 is Ry g
Otsp. recreation 6.25 3.90 0 ] 7.50 4.69 0 0 9.3 59 0 0 7.50 4.69 0 0 9.3 5.9 0 0
Dev. recreation 130 0 ‘0 30 0 o o ] 0 0 0 o o 0 ] 189 0 o o
Hunting .05 378 L35 W05 DS L3150 .35 .05 .05 L3715 .37 .05 .05 375,315 .05 .0S L3150 .315 Los
Timber '] 61,1 61.1 O 0 59.9 53.9 0 0 65.2 65.2 0 0 70.7 70.7 0 L] 70.4 704 o
Wildlife L0116 .0139 0139 .010 .011& .0139 .0139 .010 .0133 .06 .006 .000 .0GB4 .000 .010 .010 .0133 .0M6 .06 .;oig
Taple 5. Continued

Compartment # 6 7 ] 9 10

Land-use policy A B C D A B € 1] A B £ 0 A B C 0 A 8 [4 0
Yartable X3 Kz Kg3 Kae Xas Kge Xa7 Xaa *29 Fa Xy Xm X X Kys Kae Xy Ky Ky xy
Disp. recreation 6.25 3.90 0 ] 6.25 3.9 0 0 5.62 351 0 0 8.12 510 0 0 5.62 1.51 0 1]
Dav. recrastion 0 0 0 0 0 0 0 0 046 0 0 ] L35 0 0 0 0 0 0 0
Hunting .05 .375 .375 .05 .05 .315 315 .05 .05 .38 315 .05 .08 375 75 .05 .05 375 L35 .05
Timber 0 639.9 €9.9 0 0 541 541 0 0 64.1 641 0 0 7.6 N6 0 0 57.1 57.1 0
wWildlife L010 .012 .012 .010 .07 014 014 .010 .0099 .0118 .0118 .010 .0083 0099 .0099 .010 .017 .0W4 .0W4 .00
Table 5. Continued

Compartment # Deyiates

Land-ise policy 91 47 d3 di dj dy di d d3 di Goals (Demands)

Variable Xyl Xa2 Mu3 Bae e Ko Koy Reg Reg Xsg

Disp. recreation 1 - ] 0 0 0 V] 0 0 0 Gy = 1000 disp. v.d./year

Dev. recreation o 0 1 4 6 0 0 0 0 O0 Gy = 320 dev. v.d./year

Hunting 0 0 o [1] 1 -l [+] 0 0 a Gy = 957 hunter v.d./year

Timber o o 0 0 0 0 1 -1 0 0 G, = 20,000; 120,000; 34,571 o’

Wildlife 0 ] 0 o 0 0 0 0 1 - Gy * 125 deer
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