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Appendix 1

Reéu!t of cost analysis of Multi-Storicd Forests Management (D-type model at Chikus project sito Block-B)

st year Operalion l
1. Establishment: 4. mangivm planting(Seedlings planted 896 trees/ha)
32 rows X 28 rows = 846 trees/ha -
RM1{,250ha*
2 Annual Balance: ARM1,250Mha

3.Total Balarce: ARM1,250/ha

2nd year Operation
1. Treatment 1{Slashing and first pruning)
RM170Ma* X 112 X 2(estimated double of normal operation) = RM170/ha
2. Road maintenance: RM50hatt
3. General administrative expenses(10% of direct expenses):RM22/Mha
4. Annual Balance:A R!‘-‘f2424'l')a

5.Total Balanco:ARMI 492Mha

3rd year Qperation
1.Road maintenance:RM50ha¥ 1 year =RM50%ha
2. General administrative expenses:RMSI};a
3. Ann.ﬁal‘_Balance:Ai;{Mﬁéﬂm
4.Total Balanca: ARM1640/ha

4th year Opération
I.F.stab!ishment. of Mﬁ!ti-St&ried Forest

(1) A mangivek3-year old) felling
Sbed_lin gs planted:896 treestha
Retaining trees:762 trees/ha
Trees felled:381 treesha
Felling costs:381 trees X RM3 Shree =RM1.334ha
Skidding costs:381 (rees X RM2 5ftrea=RA953/ha

Sub total:RN2,287/hats

(2) Shorea spp. planting (448 treestha)
Site preparation:448 trees/ha X Rl\l 1.0%cee=RM{48Mha
Scedling costs:448 treestha X RM2 Zirco= RM936/ha

Secedling loading and transportation:448treestha X RMi.Oftres==RM448/ha
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Planting costs:418 treesha X RMO.85/res ~RM381/ha
Weeding(line weeding with Im width):HS(reésﬁ:a ® RMG 4free X 4 timeshear =RM717/ha
Sub total: RM2,580/hat?
{3y Road maintenanca:RM50haX 1 year=RMS0/ha
{4) Ceneral administrative expenses: RM532Mha
Total cost:RM53.84%ha
2 Annual Balence: ARMS 849/ha

3.Total Balance: ARM7,398/ha

Hth yéar Operation

1. Treatment

(1) Shorea spp. Weeding:448 treestha X RM 0.4/tree X 4 timesfycar =RM717/ha
{2y Road maintenance:RMle«‘haX 1 year=RMb0/ha

(3) General administrative expenses:kh!??!ha

Total costs:RMS14/ha
2. Annual balsnce: ARMS44/ha
3. Total balance: ARMS,240/ha

Netes: 1. A indicates deficit.
2. Source: *.l:Fo:est Plantation Unit, Forestry Department Peninsular Malaysta
3. Source: “:'lnteri:ﬁ Report, The Mulli-Storiegi Forest Management Project in Peninsular Malaysia,
Forestry Department Peninsular .Mala}fsiéfPerak State Forestry DepartmentiJICA "

4. Precondition of establishment of mubti-storied forest is shown in the Table-F14.
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Ap'pendix 2

Cost Analysis of Multi-Storied Forests Managemént Mode! (D-typo model at Chikus project site Block-B)

Ist year Operation
1.Establishment of A mangium forest{seedlings planted-896treestha)
32rows X 28rows = §96treestha
RM1,250Mhat
2 Annual Balance: ARMI,250/ha

3.Total Balance:ARMI1,250/ha

2n4d year Operation
L. Treatinent 1{(slashing and ficst pruning for A mangivmstand }
RM1T0Ma*i X 1/2 X Z{estimated double of normal operation)=RM 170/ha
2. Road maintenance:RM50/Mhatt
3. General administrative expenses{10% of direct expenses) RM22/ha
4. Annual Balance: ARM242/Mha

65.Total Balance:AARM1,492/ha

3rd vear Operation _
1.Road maintenance:RM50/ha X Iyear =RM50/Mha
" 2. General administrative expenses:RM5/Mha .
3. Annu.al Balanoe:ARhibsﬂia :

4 Total Balance: ARM{,640/ha

" 4th year Operation

l.]?]stabﬁshment of mul_ti-sloried forest

(D H,mang'iu}r;(é-yéar.ole'i‘) felling

: Seedlinés pla;lted:és%ireésma
Retaining trees:762treestha
Trees felled:381treestha
Felling costs:381rees X RM3.5=RM1,331/ha

" Skidding costs:2381trees X RM2 6=RM953/ha
) Sub total RM2,287/hat? |

- (2) Shorea spp. planting(448trecs/ha)
Site prepdration:448trees/ha X RM1.0/tree = RM448/Mha
Seedling costs:448irees/ha X RM2 2hree=RM986/ha
Sezdling loading and transportation:448treestha X RM1.0Mlcee =~ RAM448/ha
Planting costs:{4Btreestha X RMO 854rce = RM381/ha
Weeding(Line weoding with Im width):448treesha X RMO.4/tree X {timeslyear =RMT717/ha

Sub total: RM2,980/hats
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{3) Road 1aaintenanco: RM50/haX Iycar = RM30Mha
4) General administrative expenses RM532/ha
Total &-ﬂ:RM&BiQ:’ha
2.Annual Bolance: ARMS,819%ha

2.Tots! Balance: 6RM2,396Mha

Bth year Opezetion
1. Treatinent for Skorea spp. stand
(1) Shordaspp. Weeding:448trees/ha X RMO.4/trce X {timesfyear =RM71%ha
2. Road maintehances:RM50/ha X Syear = RM50/ha
3. General adiministrative expenses:RM77/ha
Total cosis:RME44/ha
4. Arinual balance: ARMB4 4ha

__5. Total balance:ARM8,240Ma

6th year Opcration
1. Treatment for A. mangiumstand
{1y Acacia mangivm Thinoing [ :RM270/ha*! X 1/2(helf area) X 2._0(05'iimated double of normal operation) =
- RM270/ha
(2) Road mainlenance RM50/Mha X lycar = RM50/ha
(3) Cencral sdministrative expenses:RM32/ha
Total cosis:RM3532/ha
2. Expected inconia
(1) A mangiumsclling os pulpwood
20mVhat3X 12(half ares) = 10m¥ha
10m¥ha X RMAEAnKsupposed) SRM160MA

3. Annual balanice:RM108/ha : :

1. Total balance: ARMS, 132ha
.(7 ~8th year Operation)
1. Road maintenance: RM50/a X 3years = RM150/ha

2. General administrative expenses:RM15/ha

3. Total balanco: ARMS 207Mha

10th yvear Operation
1. Freatment for A mangivn stand
(1) 4.mangium Final Thinning(Thinning @)
RM310/ha*1 X 112X 2 =RM310/ha
{2) Read m.a.intenancerf.lh-lsoma X iyear=RM50ha
{3} Goneral adninistrative expenses:RM36/ha
Total costs:RMiSQGﬂaa

2. Expected Income
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(1) A.mangium selling as pulpwood
€0mYha'? X 1/2=30mha
30m¥%ha X RM46 =RM1,380/a

3. Annua) balance:RM984/ha
4. Total balanca: ARM?,313/ha

(11~151th year Operation)
1. Road majntenance:RM50/ha X byears == RM250/ha
2. General admiﬁistmlive expenses:RM25tha

3. Total balanco: ARM7,588/ha . ~

16th year Operation
1. 1‘fealment for A.mangiumstand
(1) A marigiun16-year old) felling(Final felling)
180m3ha*a X 1/2=00m¥%ha
Pelling costs:RM8.61An't X 90mt/ha X 2=RM1,532ha
Skidding cosls:RM9.10/m> ! X 90m¥ha X 2=RM1,638/ha
" Sub total:RM3,170/Mha
@ A.mangiuﬁ plonting
(RM1,250Ma— RM100/ha:Road construction*) X 1/2= RM575Mha
(3) Road maintenance: RM50/ha X Iyesr =RM&0/ha
(4) General edministrative expenses RM380/4a
Total costsRM4,176Ma '
2, Expocted Income
. (1) A.mangium selling 8s general use timber
O0m¥%ha X RM lOOhn’(sgpposed) =RM3.000/ha
3. Annual balanco:RM4.825/ha ;
4. Tota] balance: ARM2,763ha

17th year Operation
1. Treatment (slashing and first pruning for A mangivm stand)
RM170/ma X 1/2 X 2=RM170/ha
2, Road maintenanoco:RM50/Mha X 1year=RM50/ha
3. General administrative expenses:RMz%a.
4. Annual balance; ARM242ha
B.Tolai balance: O RM3,005/Mha

18th year Operation
1. Road maintenance:RM50/haX }year=RM60Mha
2. General administrative expenses. RM5/ha
3. Annual balance: ARMS5ha
4.Total batapoe: ARM3I,060/ha
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159th yéar Operation

1. Treatment for 4 mangiumstand

(1) Acaciz mangivm Thinning 1

RM 300/haX 12X 2=RM 300/ha

2. Road maintenance: RM50/Mha X 1year = RM50/ha
3. General administrative expenses RM35/Mha
4. Annual balanca:RM385/ha
5.Total balance: SRM3,445/ha

20th ye.ar Opetation
1. Road maintenance:RM50/Ma X lyear = RM30/Mha
2. Generst administrative expenses:RM5/Mha
3. Annual balance: ARMS5/ha
4. Total balance: ARMS3,600/ha

2¥st year Operation
1. Treatment for A mangium stand
{3) Acacia mangium Thinning 11
RM2Z70MhaX 112X 2.0=RM270/ha |
{2} Road maintenance:RMB0Ma X Iyear=RM50/ha
(&) General administrative expens-as:ﬂh.ﬁ?fha
Total costs RM352/ha
2. Expected Income(Pulpwocd)
(1} A mangivm selling as pulpwood
20m3ba X 1/2=10m¥ha ‘X(I).Q =0m¥%ha
. 9m¥ha X RM4B/m? =RM414/ha
: 3.A:.mu:al Balanee:ﬂhléﬂw '
4.Total batance: ARMS,438/Mha

(22~24th year Operation}
1. Road maintenance:RM30/ha X 3years=RM150ha
2. General administralivé expenses: RN 15/Mha

3. Total balance: ARM3 603/ha

* P5th year Operation
" 1.Trealment for A mangivmstand
('l} Amar.rgf'um Final Thinning(Thinning i)
RM310haX 112X 2=RM310Mha
(2) Road maintenance:RM58/ha X Iyear=: RM50Mha
{3) General administrative expenses:RM36/Mha
Total costs RM396/ha

2. Expeoted Income
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) A mangium sellipg as pulpwood
60m¥ha X 1/2=30m%ha X0 9=2Tm%ha
2Tm¥ha X RM46=RM1,242ha
3. Annual balance:RM846/ha
_ 4. Total balance: ARM2,7567tha B B

(‘36*30(!\ year Operation)
1. Road maintenance:RM50/Mha X byears = RM250/ha
2. Genersl adninistrative expenses: RAM25/ha

3. Total balance: ARM3,032/ha . e

ISlst year Operation
1, Establishment of mulii-storied forest
(1) A mangivm(15-year old) (elling(Final felling)
180m3/ha X ll2:95m3/ha X0.9=81mYha
Felling costs: RMS.51/m? X 8Im¥/ha X 2=RM1,37%ha
Skidding costs: RM3.105? X 81m¥haX2--RM1,474/ha
Sub total RM2 853/ha
(2) Shoreaspp.(21-year old) Thinning
Brows X 2Brows:73treestha
Felling- Exiraction costs:73trees X 0.82m%tree X RM60/m assumed) = RM3 592ha
(3) Shorea spp. planting
24rows X 28rows= 6?2tréesfha
Site preparation cosls:872treéslha XERM1.O/tree= RMG?%&
Secdling cosls:672trecstha X Ri\iQ.Qn’iree =RMI1 .473:’ha-
Seedling loading and transporiation costs:672treesia X RM1 .Ohree =RM6E72/ha
Planting costs672treesha X RMO 85/troe=RM571ha o
Weeding costs(f,ine w'eeding with Imwidth)672trees/ha X RMO.dhren X'4lime.sly'jear= RM1,075/ha
Sub total: RM4,468Ma '
(4) Road maintenance:RM50Mha
(&) Geners] administrative expenses:RAM1,036/ha
Total costs: RM12,05%ha
2. BExpected Income
{1} A mangium selling as general use timber
 Bimdha X RM100(supposed) = RMS, 100/ha
(2) Shoreaspp. selling as general use timber
Tatreestha X 6.32m'ltree X RM517 m*X H2(estimated as half price of final felling timber) =RMi5,474/ha
Total IncomoRM23,574ha
3. Annual balance:RM13 615Mha
4. Total balanco:RM8,483Mha
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32nd year bpération
.l .’.{‘reatmcni_ for Shereaspp. stand
(Ij Shoread spp. Weeding
672 troestha X RM 0 4/tree X dtimeshear=RM1 075/ha
2. Road maintenance: RM50ha
3. General administrative expensés:RMl 13/ha
Total costs: RAM1,238Mha
4. Annual balance: ARM1,238/Mha

- B, Total baiar_:ce:RM?,Z-iWha

(3.3;-53rd year Opczation)
1. Road maintenanca: RM50/ha X 21years = RM1,050/a
2. Genersal administrative expensessRM105/Mha

3. Total balance:RM&, 0902

614th year Operaticn
1.Establishment of multi-storied forest
(1) Shéreaspp(#-year old) Final felling
8rows X 28rows:2Ttreestha
Felling- Extraction costs: 27t .ree_s X 3.25m % ree X RM&Mm® =RMS5,265/Mha
(2) Shoreaspp (23-year old) Thinning ‘
Brows X 28rows:125(rees’ha
Felling- Extraction costs:1 2Birees X0.82mMicce X RMEG/ m*= R.\lG.lbOﬂm
(3) Shoreaspp. Planting
16rows X 28rows==4 18trecsiha
(as sameo as 4th year Operalién)
RM2.980ha
{4) Road mainteﬁanm:RME&'ha
& General adminisirative expenses:RMI,445Mha
" Total costs:RM15,830/ha
2. Expected Income
(1) Shorea spp. selling of final felling timber 85 general use timber
8TtrceshaX 3 2om¥itree X RM517/ m®= RM45,36Tha
(2) Shores spp. selling of thinning timber as general use timber
125trees/ha X 0.82m¥iree X RM517/ m* X 1/2=RM26,196/ha
Total Income:RM71,863ha
3. Aninual balance: RM35,973/ha
4. Total balance:RM&2 063/ha

55th year Operation

} Treatment for Shorea spp. stand
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(1) Shorea spp. Weedin g;448-tuesm.a XRMO.4Mrce X {timesfyear = RM71 Tﬁ)a
2. Road miaintenance:RM50/Ma
3. Geniéral a&minis!rativo e.xpenses:RM'J"?ﬂla

Total costs RMB44/ha
2. Annual balance: ARMS t4/ha

3. Total balance:RM61,219/ha

(B6~8Gth year Operation)
1. Road maintenance :RM50/ha X 25years=RA1,250Mha
2. General administrative expenses:RMI25/Ma

3. Total balanes RM53,814/ha

81st year Operation
1.Establishment of multi-storied forest
(1) Shorea spp.(5-year old} Final felling (General use timber)
16rows % 28rows:13trees/ha
Fel liné- Extraction costs:73trees X 3. 25m¥tree X RM60/m? =RM14,235/Mha
(2 Shorea sﬁp. Planting
16rows X 28rows = 448treestha
{as sameo as 4th year Operation) °
RM2.580Ma
(3) Road maintenance: RM50ha
() Gencra) administrative expenses HAM1,727Ma
Total cosfs: RM18,9%2Ma
2. Bxpected Income _
(V) Shorea sp.p. sell'ingl gfﬁnal felling timber as genéral use Limber
T8treeshaX 3.213m!ktree>g RMS517/ m*=RM122,658/ha . |
Total lnoor;ﬂerRMl22,658fha :
3. Aniual balancs RM103.666ha
4. Total balance: RM163510/ha

82nd year Operalion
1. Treatment for Shoreaspp. stand .
{1} Shorea spp. Weeding: 448t reestha X RMO.4A ree X ftimeshear =RM717/ha
2. Road maintenance:RM50ha .
3. General administrali\'e expenses:RM77/Mha
Total costs RMB44/ba
4. Arinual balanice: ARMB44/hs
6. Total balance: RM 162 666/ha

(83~103rd year Operation)
1. Road maintenance:RM50/Mha X 21years = tM1.050/ha
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2. General administrative exj)enscs:Rhi 105/ha’

3. Total balanco:RM161,511/ha

104th year Operation
1. Establishment of multi-storied fores.l.
(1) Shoréa spp (50-year old) Final felling(General use timber)
18rows X 2Brows:72treestha
Felling- Extraction costs:T2trees X 3.25m% ree X RM60/m" = RM 14,040/ha
(2) Road maintenance: RM50/Ma
(3) General adminisirative expenses:RM1,409/ha
Totsl costs:RM 15,499/ha
2. Expected Income
{1} Shorea spp. selling of final felling timber as general use timber
T2irecsfha X 3.25m® X RM517 = RM120,978/Mha .
Total lnmn.m:RMlZO,Q?Sma
3. Annual balance:RM103,479/Mha

4. Totel balance:RM266 990/ha

Notes:1. A indicates deficit.
2. Soures:*t; Forest Plantation Unit,Forestry Depérlment Peninsular Mataysia
3. Source :*1:*Interim Report, The Multi-Storied Forest Mansgement Project in Peninsulér Mahysia,
Forestry Department Peninsular Malaysia/Perak State Ferestry DeparimenUJIéA'
4. Source:%:Forest Plantation Unit,Forestry Department Peninsular Malaysia
5. Yield prediction for thinnings and final fetling timber of Shorea spp. are based on empirical yield téble;

prodused in 1995 by JICA Short-Term Bxpert.
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Appendix 3

Result of Cost Anélysis of Multi-Storied Forest Management Model(H-type model at Chikus project site Block-A)

ist year Operaion
1.Establishment
(1) Sccondary forest felling / Shorea spp. planting
15rows X 20rows =300treestha
Site preparation: RM3,000/ha X0.4ha(40m X 100m X 1row)=RM1, 200/ha
Scedling costs:300ieeestha X RM2 Biscedling -=RM660/ha
Seedling loading and transportation:300treestha X RM0.3/scedling =RM9%0/Mha
FPlanling costs:300trees/ha X RM1.0/seedling = RM300/ha
Weeding:300trees X RM0O.65/seedling X dtimes per lyear =RM780/ha
Sub total RM3,030/ha {Based on contract works of the project}
(2) Road construction and maintenance:RM30/Mhat?
(3) General administrative expenses:RM313/ha
Total cost:RM3.443ha
2. Annual balance
HEM3,443ha
3. Total balance
_ARM3,443/ha

 2nd year Operation
1. Treatment for Shorea spp. stand
. (1) Shorea spp. Weéding ) :
- 800treestha X RMO.65/tree ¥ é(.imes per lyear=RM390/ha’
2. Road maintenance:RM50Ma ' -
3. Ceneral administrative éxﬁenses:RMtha
Total costRM484/ha

4. Annual balance

ARMA84/ka
5. Total balance

AHRM3,927/ha

Notes:1. Aindicates deficit.

' 2. Source: *1:Forést Plantation Unit, Forestry Department Peninsular Malaysia
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~Appendix 4

Cost Analysis of Multi-Storied Forest Management Model.(!i -'l.nie model at Chikus project site Block-A)

Ist year Operaion
1. Establishment
(1) Secondary forest felling / Shores spp. planting
15rows X 20rows =300Irees/ha
Site preparation:RM3,000/ha X 0 4ha(40m X 100m X Irow) = RM1 ,20é;ha
Seedling costs:300ircestha X RM2 2iseedling=RME60ha
Seedling leading and {ransportation:300treestha X RM0.3/ssodling = RM9G/Mha
Planting costs:300treestha X RM1.0fscedling = RM300/Mha
Weeding:300irees X RMO.65/seedling X 4times per 1year=RM780/ha .
Sub total.RM3,030Ma (Based on contract works of the project)
(2) Road construction and mainténance:RM30/ba*
(3) General administralive expenses RM313/ha
Tolal cost:RM3,443Mha
2. Annual balanco
ARM3,443Mha
3. Totsl balance
ARM3,413ha

2nd year Operation
1.Treatment for Sbofea_spp. stand
[0} Sbarea'spf:-. Weeding . _
o : 3Q01 rees/haX RMO.BSr'lree; x 21ime§ per year=RM380/Mha
2. ﬁoéd mainLenancé:R!iﬁ»Os’hé o .
3. General ac!minislr;atii'e expenses:R!\:!M/ha
" Total cost:RM481/ha
4. Annual balance
ARMAB4/ha
5. Total balance
ARM3.927/ba

(3~251h year Operation)
1. R(;ml maintenance:RM50/ha X 23yéars=RM1,150/ha
2. General administrative expenses: RN 116/ha
2. Total balance

ARM5,192/ha

26th year Operation
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1. Establichment of multi-storied forest
(1) Ssoondary forest féllir;g | Shorea spp. planting
2Zrows X 20rows = 440treesha
Site proparation:BM3,000/ha X 0.6ha{{40m+20m) X 100m X drow) X 1.2=RM 2,160/ha
Seedling costs: 4 40treestha X RM2 2heedling =RM968%ha
Seedling loading and transportation:{40treesfha ™ RMO 3fseedling=RM132ha
Pianting costs:440tceesha X RM1 Ofseedling = RM440Mha
Weeding:4{0trees/ha X RM0 65%seedling X {times per Iyear =RAM1,144Ma
Sub tote): RM4,844
(2) Shoreaspp. (23-year old) Thnning
. Trows X 20rows:79treestha
Felling Extraction costs:78treesiha X 0.82mtrce X RMB0/m®*=RM3,887/ha
(3) Shored spp. Planting {at the strips of SAoreaspp. thinning)
Trows X 20rows = 140treestha
Site preparation:140treesfha X RM 1 Ofzeedling =RM140/ha
Seedling eosts: 140treestha X RM2 Zseedling = RM308/ha
Scedling loading and transportation:140treesMa X RM0.3/scedling == RM42/ha
Planting costs: [40(reestha X RMI.O/seedling =RM40/ha
Weeding:140treestha X RM0.65/500dling X 1times per 1year=RM364/ha
Bub total RMS94/ha
(4) Road maintenanco:RMEO/ha
(5) General administrative expenses: RM978/ha
Total cést:AMIO,T63ma
2 Expected Income
;(l) Shoreaspp. (25-year od) selling
Trows X 20:6\5'4:75&1‘295’11&' o R )
T0trcestha X 0.52ms X RM517/meX 12(ostimated a3 half price of final felling timber) = RM16,746/ha
Total Inoome:RMlS,‘HG/lm
3. Annual balance
RM5,993/ha
4.. Total balance
RM&G1/ha

27th year Operation
1. Treatment fc;r Shores spp. stand
(1) Shorea spp. Weeding
440trees(22rows X 20rows)yha X RMO 6581 ee X 4times per Iycar=RM1,144/ha
(st the strips of secondary forest felling)
[{0trees(Trows X 20row s)/ha X RMO.65 X Ztimes pee [year =RM82/ha

{at the strips of Shorea spp. thinning)
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Sub totalRM1 326/ha
2. Road maintenance:RMEOfl.!a
‘3. Genefal administrative expense#:RMlStha
Total cost RM1,514/ha
4. Annual balasnce
ARMLS14/ha
b. Total balance

ARM713/Mha

(28~50th year Operation)
1. Road maintenance:RMS50/Ma X 23years = RM1, 150/ha
2. General administrative expenses:RM115ha
3. Total balance

HRM1,978Mma

51st year Operation
1. Establishment of multi-storied forest
(1) Shoreaspp. (60-year old) final felling
Brows X 20rows:26treestha
Felling - Extraction costs:26treestha X 3.25in"tree X RME0 m?= RM5 070/ha
(2) Shorea s;ip. {25-year old) thinning
17rows X 20cews:192treesha
Felling: Extraction costs: i92tccestha X082mMtree X RMGO! m?*== RM3,446/ha
(3) Shorea spp. planting
25rows X 2Drows = 500treesha
"Site pre ;paratiionﬁOOtrées{haX ﬁMl .0}seedring = H.MSOGma
Seedling cdsts:EOO(r}:csfhé X RhiZ,Zfseed]iyxé =RM1,100/a
‘Scedling loading and transportat ioh:EOOlreésﬂala X Rf\lO.-’BJs-eedling =RM150/ha
Planting costs:500trecs/ha X RM Oiseedling = RM500/ha .
Weeding 500(rees/ha >< RMO 65/eedling X #times per 1year =RMI 300/ha
Sub total: RM3,550/ha
[ Raad'mainmmnce:}msoma_
(5Y General adnﬂnislfali\'e expenses' RM1 812Mha .
Total cost:RM19,928/ha .
2. Fxpected Inocoma
(1) Skoreaspp. selling of final felling
26trees/ha X3 25m¥iree X RM517/im* =RM 13.687/ha
(2) Shorea spp. selling of thinning
192treoshaX 0.82mirec X RM517 X 1/2= RM40,608/ha
Tetal Income1M84,385Mhx
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3. Annual balance
RM64,467/ha
4. Total balance

RM62,47%/ha

B2nd year Operation
1. Treaimént for Shorea spp. stand
(1) Shoreaspp. Weeding
300trees(15rows X 20rows)ha X RMO.65/rco X 4times per 1year=RM780/ha
200treas(l0rows X 20rowsyha X RMO..Gs.'lree X 2times per lyear=RM260/ha
Sub total RM1,040/ha
2. Road maintenance: RM50/Mha
. 3. General administrative expenses RM10%ha
Total costs:RM1,199/ha
4. Annual balance
ARMI,189%ha
5. Totel balance

RM6E) 250/ha

{53-76th year Operation)
1. Road maintenance:RM50/ha X 23years =RM1,150/ha
2. General administrative expenses:RM115/ha
3. Tote.zl balanee .

RM 60,015Ma

76th year Opetation
1. Establishment of multi.storied forest

[4)3 Shoréa spp. (60-;.5'ear oid) final felling
IErowsX%rom;s:{iS'trgeg&m : & ‘ ‘
Felting - Extraction costs:39treestha X 3.25m¥ires X RMEOf m?= RM’:'.&SO-E’)&A

(2) Shoreaspp. (25-yearold} thinning
17rows X 20rows:192treestha _
Felting - Extraction costs: [92trees/ha X 0.82m¥ree X RME0! m*= RM9,446/ha

(3) Shorea spp. planting
20rowsX 20rows = 586:6»\-’5&&
Site preparation:580trcesha X RM1 Okscedting = RM580Mha
Seedling costs: 580trecs/ha X RM2 2fseedling =RM1,276/ha
Secedling loading and {ransportation:580treestha X RM0.3/eeedling =RM174/ha
Planting costs580trees/ha X RM1 0/seedling =RM580ha
Weeding:580treeshaX RM0.65%5eedling X Htimes per Lyear =RM1,508/ha
Sub total:RM4,118Mha
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(4) Road maintenance: RM50/ha
(5) General administrative expensea:RM2,122/ha
Total costs RM23,311Ma
2. Bxpected Income
(1) Shorea spp. selling of final felling timber
39treestha X3 25mMree X RM5 1 7im?= RM65 530/Mha
(é) Shoreaspp. selling of thinning timber
192trecstha X 0.82m*ree X RM517/m* X 1/2 =RM40,608/ha
Totsl Incorme:RM106,228/ha
3. Annual balance
RMB2837/ha
4, Total balance

RM142.902Mha

77h year Operation
1. Treatment for Shorea spp. stand
(1) Shoreaspp. Weeding
.4 10trees{22rows X 20rows)ha X RMO65/scedling X 4times per 1year =RM1,144/ha
140trees(Trows X 20rows)ha X RM0.65kcedling X 2times per lyear = RM182/ha
Sub tota:RM1,326ha
2. Road maintenance: RM50/ha
3. General administrative expenses:RMl:Stha
Total costs:RM1,614/ha
4. Annual balanée ‘
ARMI 514ma
* 6. Total balance

_ RM14},388/ha

" (78~100th year Operation)
* 1. Road maintenance:RM50/ha X 23ycars =RM1,150/a
2. General administrative expenses:RM115/ha

3. Total balance

RM 140,123/ha -

" 101st year Operation
1. Establishment of multi-storied forest
(1) Shores spp. (50-year old} final felling
Brows X 20rows:30treestha
Pelling ‘Extraction costs:30treesmha X 3. 25mM ree X RME0/! m= RM5,850Mha
(2) Shoreaspp. (25year old) thinning

17rows X 20rows:192(reestha
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Felling-Extraction costs: 192treestha X 0.82m%treo X RMGO/ m*=RM9,446/ha
(3) Road maintenance:RM50/Ma
{4) General administrative expenses:RM1.635ha
Total costs RMI 8.85Hha
2. Expected Income
(1) Shorea spp. selling of final felling timber
30treeshaX 3 25mYtres X RM517/m®=RMA50,408ha
(2) Shorea spp. selling of thinning timber
192trees/ha X 0.82mMtree X RMSZI Thm¥X 1/2=RM40,698/ha
Total Inceme: RM31,106/ha
3. Annual balance
RM74.225/ha
4. Total balance
RM 214,348/a

Notes:1. Aindicates deficit.
2. Soucce: *1:Forest Plantation Unit Forestry Departinent Peninsular Malaysia
3. Yield prediction for thinnings and final felling timber of Shorea spp. are based on empirical yield table

preduced in 1995 by JICA Short-Term Expert.
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Appendix 5

Cost Analysis of Multi-Storied Forests Management Model(Subtype of D-type model at Chikus projret sito Block-B)

1st year Operation
1 Establishment of A mangrum forest (seedlings planted:896treostha)
3Zrows X Z8rows=R96treestha
RM 1,250/ha*!
2 Annual Balance: ARM1,250/ha
3.Total Balance: ARM1,250/ha

2nd year Operation
t.Treatment Hstashing and first pruning for A mangium stand)
:RM 170/ha*! X 112 X 2{estimated double of normal operation) =RM170/ha
2. Road maintenance:RM 50hat!
3. Géneral administrative expenses(10% of direct expenses):RM22/ha
4. Annual Balance. ARM242/ha
5.Total Balance:ARM1,492/ha

3rd year Operalion
1.Road maintenance RM50/Mha X lyear =RM50/ha
2. General administrative expenses:RM5/Mha

3. Annual Balance:ARM55ha

4.Total Balanco: ARM1,547/ha
4th S'ear Operation .
1. Treatinent for A.mang:‘z}m stend
(1) Acacia m.:mgfw.n'l‘lhirfnié | .
 RM300Ma*tX 112X 3=RM300Mha
. 2 Road maintenanm:R}lJﬁO/haX iycar =HM50/Mha
3. General administrative expenses:RM35/Mha
4. Annual balance: ARM385/ha
5.Total Balance: ARM1,932/ha

(6~91h year Operqlion)
1. Road maintenance:RME0/ha X Byear = RM250/ha
" 2. General adminisirative expensesRM25/ha

3. Tolal balance: ARM2 207/ha

10th year Operation
1. Establichment of multi-storied forest
(1) A.msbg:'um(‘.?-year old) felting
Seedlings planted:896 treesha
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Retaining lr_e-es_:Sés treesthaX 68%(sur_viv3| rate)=60§treeslha
Troes felled:305trecstha(thinning ra.te:w%) _
]"‘ellingE and skidding costs:305treesha XR&-IG.OﬁreeX 1.5(0-yéar old sland is about one and a half times
aslarge as 3-year old stand.) =Rh12,745ﬂ1a
Sub totahRM2,746/ha*e.
{2) Shorea spp. planting{448treestha)
Site preparationd48treestha X RM1.0/trec =RAM448/ha
Scedling costs:448trecsha X RM2 2/tres = RMOS6/Ma
Seedling loading and lrans;i oriation:448(reosfha X RM1.0ftrea=RM448/ha
Planting costs:448trees/ha X RMO 85fireo = RM341/ha
Weeding(Line weeding with 1m width)y:448trees/haX Rl\.ﬂl~mre,.(:.I X 4timeshear =RM717Ma
Sub totalRM 2,980/hat*? .
(3) Road maintenance:RME0OMa X 1year=RM50/ha
{4) General administrative expenses: RM578/ha
Total cost-RM6,353Mha
2. Fxpected Income
(1) A.mangiumselling as general use timber
| 305 treesha X 0.33m*Miree= 10im¥ha
101 m¥ha X 70%(utilization percentage) X RM90/m? = RM6,363/ha
3. Annual balance:RM10/a
4. Total badance: ARM2,197/ha

11th ygar Operation
1. Treatment for Shorea spp. stand _
{1)Shorea spp. Weeding: 448t reésfi: aXRMO.4ftcce X 4timeshyear = RMT717/ha
2 Road maintenance:RM50/aX 1 year = RM50Ma : '
3. General aé_lminislrali@ éxpenses:RM77/ha
" 4. Annual batance: ARM844/ha
5.Total balance: ARM3,041/ha

(12~15th year Operation)
1. Road maintenance:RM50/ha X dyears =RM200/ha
2. Genersl administrative expensés:RM20/ha

" 3. Total balance:ARMS3, 261/ha

16th year Operation
1. Establishment of 4 mangium forest _
{1} A mangiun15-yéar old) felling{(Final felling)
305trees/ha X 97%=296treesha
Felling and _skidd.ing costs 206treestha X RM6.O/tree X 2.0{15.year old stand is about {wo times as large as
3-year old stand ) =RM3,650Mha



| Sub lotakRM3852ha
. {2) A mangivm p}a.ming(MSlrées!ha)
© (RM2,250ha— BM100/ha:Road construction®!) X 1/2=RM575/ha
3 Road masntenance:RM50/ha X 1 year=RM50/ha
(4) General administrative expenses:HM418/Mha
Total costs:RM4,505/ha
2. Expected Incorvie
) A,mangf'um selling as general use timber
: 29.6troes!h;a *0.43m¥tree= 12tm¥ha
127m%ha X 70%(utilization peree:n!a: geﬁ X RM100AuXsupposed)=RMS,690/ha
3. Annual balance:RM 4,295/ha -
4. Total balance:RM1,034/ha

17th year Operation -

1. Treatinent 1{Slashing and first pruning for A.mangiumstand )
RM170MhaX 1#2X2-=RMi70/ha

2. Road maintenance:RM50/ha X lyear = RM50/ha

3. General administrative expenses:RM22ha

4, Anaual balance;:RM242/ha

B.Total balance:RM792/ha

18th year Operation
1. Road mainteuanoe:RMﬁORm.x 1yecar=RM50Mha
2. General adminislrative expens’és:RMSiha
3. Annusl balance: ARMS55/ha .
4.Total balance RM737/ha

19th yvear Operation
1. Treatment for A.mangium stand._ :
(1) Acacia mangfumThinnig 1 (ihinm'ng rate:30%,448treestha X Sl'ff;(suwiva'l rate) X 70%=2541roestha) -
RM300/ha X 172X 2=RM300ha

2. Road maintenance: RM50tha X 1year =RM50Mha

'3, General administrative expenses.:RM%ﬂm

4. Annual balance:ARM385/Ma

6.Total balance:RM352/ha

(20~24th year Operation)
1. Road maintenanco:RM50/Ma X year = RM250ha
2. General administrative expenses:RM25/ha

3. Tolal balanco: RM77Tha

25th year Operation:

1. Treatment for A.mangium stand

361



(1) A mangium Final Thlnﬁing(]‘hinning i-m)
WBAtresshaX Sjﬁ(surv'ival rate) )( 60%(thinning rate)=10Ttrees’ha
Felling and ekidding costs: 107treesta X Ri(ﬁ.ohr'cex 1.5{%-year old stand is about one and a half times as
large as 3-year old stand) =RM983/ha
Sub total:RMIG3ha
(2) Road maintenance:RM 50/haX 1 year =RM50/Mha
(3)General administrative expenses:RM 101/ha
Total costs: RM1,114/ha
2. Expocted lnom:na
{0 Amangium selling as general use timber
107treesha X 0.33m¥trce % 0.9(growth retardation by continuous cropping) = 32mha
32md%ha X T0%{utilization percentage) X RM30=RM2016/ha
‘3. Annual balancs:RM902/Mha
4. Tota] balance:RM97%/ha

{26~301h year Operation)
1. Rord maintenanca:RMB0/Mha X 5 year = RM250/ha
2. General administrative expenses:RM26/Mha

3. Total balance RM704/ka .

31st year Operation
1. Establishment of multi-storied forest

(1) A.mangiun{15-year old) fe!lihg(Final felling)
10Ttrecs/ha X 97T%survival rate)=104treesha _
Felling and skidding oos!.s:IUTlreesfha;-\(RMG.three X 2.0{15-year old stand is about two times es large es
3-year old stand) =RM1,248ha | .
Sub total:RM1,248/ha

(2) Shorea spp.(21-year old) T‘Binnir;g
8rows X 28rows:101trees/ha
Felling - Extruction costs: 101trecs X 0 48mYtreo X RM60/m*(sssumed) ~RM 2,90931&

(3) Shorea spp. planting

" BdrowsX 28rows =672t rees/ha

Site prepazation eosts 672trees/ba X RM1.0Uree =RM672/ha
SBeedling costs:672treestha X RM2 2trea=RM1,478Ma ,
Seedling loading snd transportation costs 672treestha X RM1.0/ree =RMB72/ha
Planting costs:672treés/ha X RMO 85/tree = RM571ha
Weeding costs(line weeding with Im.width).672trees/haX RMO,Mree X 4timeslyear =RM1,075/ha
Sub total:RM4,468ha

() Road maintenanco:RM50ha

{5} General administeative e.xpenses:RMSGB!ha

Total costs:RM9,543/ha
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2. Expected Income
(1) A.msngium selling as general use lirﬁber _ _ _
104tresshaX O.43rﬁ’!t reoX 0 9(growth relardation by continuous cropping) = 40m>ha
40m¥ha X 70%(utilization percentage) X RM 10053 (supposed)=RM2,800/ha
(2) Shoreaspp. selling as general use timber
101irecs/ha X 0 48m*fires X RM517/m* X 1/2(estimated es half price of final felling timber) =RM12,632/ha
Total Incorne:RM15,332/ha
3. Annual balance:RM5,769ha
4. Total balancoRM6 493/ha

32nd year Operation
1. Treatment for Shorea spp. stand
1) Shoreaspp. Weeding
672 trees/ba X RM 0 4/tree X 4timeshyear = RM1,075/ha
2. Road maintenance: RM50/ha
3. Ceneral administeative expenses:RM113/ha
Total costs:RN1,238/ha
4. Annual balanca: ARMI 238/ha

6. Total balance:RM5,255/ha

(33~53rd year Operation)
1. Road maintenance:RM50/ha X 2iyears= RM1,050/ha
2. General administiative expenses RM lOBIha. :

3. Total balance:RM4,100/ha

Bith year Operatign
I‘Es!_ablis}'.mmémiof multi-storied forest
(1) Shorea spp.(44-year old) Final felling
L Brows X Qéroym's:aotreesll{a ‘
Felling - Extraction costs:30trees X 2.72m% ree X RM60Mm? = RMAl.,SSlGiha
(2) Shorea spp {23-year old) Thinning
Brows X 28rows: 125trees/ha
Felling - Extraction costs:1250rees X 0.82mtreo X RMGG/ ra*== RMS6,150/ha
‘ (3) Sherea spp. Planting
' 18r0ws X 28rows == 448treestha
(as same as 4th year Operation)
RM2,980/Ma
(&) Road maintenancs:RM50/ha
) Ceneral edministrative expenses ' RM1,408ha
Total costs: RAM15,484Mha

2 Expected Income
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(1) Shorea spp. selling of final felling timber as general use timber
30tréeshaX 2.72mMreo X RM5 1/ mi:= mz,_n 87ha
(2) Shoreaspp. selling of thinnlng timber as general use timber
125tzees/ha X 0.82m¥trco XRM5 17/ mtX H2=RM26,49%6ha
Toial Incoma:RM638,683/Ma
3. Annual balance:RM53,199 a
4. Totsl balance:RM67,269/ha

85tk year Operation
1. Tveatment for Shoréd spp. staisd
(1) Shorea spp. Weeding:448trrestha X RMO.4/trea X ftimeslyear = RM717/ha
2. Hoad maintenance:RM50/Ma
§ fepsral admindsirative expenses RM77/ha
Total costs:RMB{4ha
2. Annual ba!ance:ARl\!.'BrH.’ha
3, Total balance:RM55,455/ha

(56=~80th year Operation)
1. Road maintenance (2 IE0/ha X 28years =RM1,250/ha

2. General administrative expenses: RM126/a

3. Total balance:RMB5,080/ha

Slst yéar Operation
" 1.Establishment of multi-storied forest
(1)} Shorea spp.(60-year old} Final felling (General use timber)
l6rowsX 28rows:Tdtreesha
Felling: Kxtraction costs:73trees X3.25m%iree X RMEG/m?= RM 14,535/ka
(2) Shareg spp. Planting S
16rawa X 28rowa e jMBLre'es!ha
(45 sardk a5 4th year Operation)
RM2,880/ha
(3) Rcad maintenance:RMEO/ha
(1) General edministrative expensos:RM1,727/ha
Total msts:flMls,QQ%a
2 Expécied Income
(1) Shorea spp. selling of final felling timber as genetal use timber
73treestha X 3. 25m%rea X RM517/ m?* = RM122,658ha
Tota} Income: RM122,658ha
3. Annual balanco:RM 103,666/
1, Total balince RM158,746/a

82nd yeéu: Operation
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1.Treatment for Shoreaspp. stand
(1) Shoreaspp. Weeding:448trees/haX RMO.4Mrco X dtimeshyear =RM717/ba
" 2. Road maintenance:RM80/Mha . '
3. General a.dministrative expenses:’RM77/mha
Total costs:RM844/ha
4. Annuasl batance: ARM844/ha

5. Total balance RM157.902ha

. (B3~103rd year Oper'a'tion)

- 3. Road maintenance: RM50/haX 2lyears=RM1,050/ha
2. General administrative expenses:RM105/Mha

3. Tota} balance: RM166,747/a -

104th year Operation
1. Establishment of multi-storied forest
(1) Shorea spp (50-year old) Final felling(Ueneral use timber)
16rows X 28rows:72(recs/ha
Felling - Extraction costs:72trees X 3.253rr"!lree X RMG&0Mm®=RM14,040/ha
) Road main.lenance:RMStha
(3) General administrative ekpenses:R.Ml.‘IOQma
“Total costs RM15,435/ha
2. Expected Income _
(1) Shoreaspp. selling of final felling timber as general use timber
T2treestha X 3“.251‘('1’)( RAM517=RM120,978/ha
Total Income:RM120,978/ha
3. Annual balapce: RM 105,479!!:&

© 4.Total balance:RM262,226/a
Notes:1. .A indicates deficit.
2. Sourca:*: Forest Pleu:atat ion U.nit,l*‘oreslr},.' Départment Peninsiolar Mah;ysia
3. Soures *4"Interim Repert, The Multi-Storied Forest Management Project in Peninsular Malaysia,
Forestry Departmeni Peninsular Walaysia/Persk State Forestry DepartmenttJICA”
4. Yield prediction for thinnings and final felling timber of Shorea spp. are based on empirical yield table

- produced in 1935 by JICA Short-Term Expert,
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Appendix 6

D-tpye management plan
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Yearj Cost Income Annwal Total = Cost Income Annual Total Balance
/ha /ha Balance Balance /500ha /500ha Balance /500ha
/ha /ha /500ha
I 1,250 0 -1,250 -1,250 625,000 0 -625,000 -625, 000
2 242 0 -242 1,492 121,000 0 -121,000 -746, 000
-3 55 0 -85 -1L,547 27,500 0 =27, 500 -773, 500
4 5,849 0 5819 -7,306 2,924,500 0 -2,924,500 -3, 693,000
5 244 0 344 -8,240 422,000 0 -422,000 -4, 120, 000
6 352 460 103 -8,132 176,000 230, 000 54, 000 -4, 066, 000
-9 55 0 -5 -8,187 27,500 0 =27, 500 -4, 093, 500
8 55 0 -55 -8,242 27,500 0 -27.500 -4, 121,000
9 55 0 -55 -8,297 27,500 0 -27,500 -4, 148, 500
10 396 1,380 984 '-7,313 . 198,000 690, 609 492,000 -3, 0656, 500
[} 55 0 55 -7,368 27,500 0 =27,500 -3,084,000
12 55 0 55 -7,423 27,500 0 27,500 -3.711, 500
13 55 0 -55 -7,478 27,500 0 927,500  -3,739,000
14 55 ' -5% -7,533 27,500 0 -27,500 -3, 766, 500
15 55 ¢ -55 -7,588 27,500 0 -27,500 -3, 794, 000
16 4,175 9,000 4,825 -2,763 2,087,500 4,500,000 2,412,500 -1, 381, 500
17 242 0 -242  -3,005 121,000 0 --121,000 -1, 502, 500
18 55 0 -55 3,060 27, 500 0 -27,500 -1, 530, 600
19 385 ] -385  -3,445 192,500 0 -192.500 -1,722,500
20 86 0 55 3,500 . 27,500 0. =24,500 1,750,000
21 352 414 62 -3,438 176,000 207,000 31,000 -1, 719,000
22 55 0 -55 -3,493 27,500 0 ~27, 500 -1, 746, 5060
23 55 0 -55  -3,548 27,500 0  -27.500 -1, 774, 000
24 59 -0 .55 -3,603 27, 500 0 -27,500 -1, 80L, 500,
25 396 1,242 846 -2,757° 198,000 621,000 123,000 -1, 378, 500,
26 55 0 --5% -2,812 27,500 ] -27,500 -1, 406, 000
27 55 1] -85 -2,867 27,500 0 -27,500 ~1,433, 500
28 85 0 - .55 -2,922 27,500 ) -27, 500 -1,461, 000
29 55 0 -85 2,977 27.500 0 -27,500  -1,488,500
30 5 - 0 . -5 -3,032 ' 27,500 0 -27. 500 -1,516,000
31 12,059 23,574 11,515 8,483 6,029,500 11,787,000 5,757,500 14,241,500
32 1,238 0 -1:238 7,245 619,000 ¢ -619,000 3,622,500
- 33 55 0 =55 7,190 27,500 4] -21, 500 3, 595, 000
34 5% 0 =55 7,135 27,500 0 -27,500 3. 567,500
35 55 0 -5% 7,080 27,500 0 -27.500 3, 540,000
36 55 0 55 7,025 27,900 0 -27,500 3,512,500
37 55 0 =55 6,970 27,500 0 -27, 500 3,485, 000
38 55 0 -55 6,915 27.500 0 -27.500 3,457, 500
30 55 tH -55 6,860 27,500 0 -27,500 3,430,000
40 55 g -55 6,805 27,500 0 -27,500 3,402,500
41 55 0 -5% 6,750 27,500 0 -27.500 3,375,000
42 55 Q -55 6,695 21,500 0 -27,560 3,347,500
43 85 0 -55 6,640 27,500 0 27,500 3,320, 000
44 55 0 -55 6,585 21,500 0 ~27,500 3,292,500
- 45 55 0 -55 6,530 27,500 0 ~27,500 3,265, 000
46 55 0 -55 6,47 27,500 0 -27,500 3,237, 500
47 55 0 -55 6,420 27,500 0 27,500 3,210,000
48 85 ¢ ~65 6,365 27,500 0 -217,500 3,182,500
49 59 0 =55 6,310 27,500 0 ~-27,500 3,155,000
50 59 1] -58 6,259 27,500 1] -27, 500 3, 127, 500]



- -85

6,200 27,500
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51 - 55 0. 0 -27,500 - 3,100,000]
52 55 0 -85 6,145 27,500 0 - -27,500 3,072,500
53 55 0 -55 6,000 27,500 0 27,500 3,045,000
54 15,890 71,863 55,973 62,063 7,945,000 35,931,500 27,986,500 31,031,500
55 &M 0 -84 61,219 422,000 0 -422.000 30,609,500
5 55 0 -55 61,164 27,500 0 -22,500 30,582,000
57 65 0 -55 61,100 - 27,500 0 -27.500 30,554,500
58 55 0 -55 61,054 27,500 ¢ -27,500 30,527,000
50 65 0 55 60,990 27,600 0 -27,600 30,400,600
60 55 0 50 6094 27,50 0 B0 30,472, 600
61 65 0 - .60 60,880 27,500 0 =RRAN - 0,444, 500
62 65 0 -55 60,834 27,500 D 27,500 - 30,417,000
63 55 0 -55 60,770 27,500 0 -27,500 30,389,500
64 55 0 55 60,724 27,500 G -27,500 . 30,362,000
65 55 0 -55 60,660 27,500 0 -2,500 30,334,500
66 55 0 -55 60,614 27,500 0 27,500 30,307,000
67 55 0 -55 60,559 27,500 0 -20,500 a0, é?g.sﬁﬁl
63 55 0 -55° 60,504 27,500 0 -22.000 30,253,000
69 55 0 -55 60,440 27,500 0 =20.500 30,224,500
|70 55 0 -85 60,394 27,500 0 -22,500  30,197,000|
71 55 0 -55 60,339 27,500 0 222,500 30,169,500
72 55 0 -55 60,284 - 27,500 0 =27.500 30,142,000
73 55 0 -55 60,229 27,500 0 -27,500 30,114,500
74 55 0 -55 60,174 27,500 0 -27,500 30,087,000
75 55 0 -55 60,119 27,500 0 -27,500 30,059,500
76 55 0 -55 60,064 27,500 0 -2,500° 30,032,000
77 55 0 -55 60,003 27,500 0 -27,500 30,004,500
78 55 0 -55° 59,954 27,500 ¢ -27,500 29,977,000
79 55 0 -55 59,899 27,500 0 -27,500 29,949,500
30 55 0____-55 59,844 27,500 0 __-27,500 - 29,922,000
81 18,992 122,658 103,666 163,510 9,496,000 61,329,000 51,833,000 axﬂﬁﬁ.ﬂ@ow
820 %4 0 844 162,666 422,000 0 -422,000 81,333,000
830 55 0 -55 162,611 27,500 0 27,500 81,305,500
¥ ‘55 0 -55 162,586 27,500 S0 27,500 81,278,000
85 55 0 -55 162,501 27,500 0  -27,500 ' 81,250,500
8 55 0 -85 102,446 27,500 0 -27,500 - 81,223,000
87 55 0 -55 162,381 27,500 0 -27.500 - 81,195,500
88 55 0 -55 162,336 27,500 0 -27,500 81,168,000
89 5 9 -55 162,281 © 27,500 0 -27.500 - 81,140,500}
|90 55 0 -55 162,226 27,500 0 -27,500 _ 81,1]13,000
91 55 0 -55 162,171 27,500 0 -27,500 81,085,500
92 55 0 -55 162,116 27,500 0 27,500 81,058,000
93 55 0 -55 162,061 27,500 0 -27,500 81,030,500
.94 55 0 55 162,006 . 27,500 0 -22.500 81,003,000
95 55 0 -55 161,951 27,500 0 -27,500 80,975,500
96 5 0 - -55 161,806 © 27,500 0 -27,500 80,948,000
97 55 0 -55 IG1,841 27,500 0 -27,500 80,920,500
98 55 0 -55 161,786 27,500 0 -27,500 - 80,893,000
99 55 0 -55 161,731 27,500 0 -27,5006 80,865,500
100 5% 0 -85 161,676 27,500 0 -27,500_ 80,838,000
10t 55 ) -55 161,621 27,500 ¢ -27,500 80,810,500
102 58 0 -55 161,566 27,500 0 -27,500  80,783,000]
103 55 0 -85 161,511 27,500 0 -27,500 - 80,755,500
104 15,499 120,978 105,479 266,990 7,749,500 60,489,000 52,739,500 133,495, 000)
Total 84,579 351,569 266,990 933,93042, 239,500175, 784,500 133,495,000 133,495, 000



Appendix 7

H.typé management plan

Year Cost Income*Annuai Total = Cost

Totél Balance

Incone Annual
/ha /ha Balance Balance /500ka /500ha Balance /500ha
/ha /ha /500ha
1 3,443 0 -3,443 -3,443 1,721,500 0 -1,721,500 —1.721,500r
2 434 0 -484 -3,927 242,000 0 -242,000  -1,963,500
3 55 0 -55 -3,982 27,500 0 -27,500  :-1,991,000
4 55 0 -5% -4,037 27,500 ] ~27,500  -2,018,500
5 55 ] -55 4,092 27,500 0 ~27,500  -2,046,000
b 55 0 -85 -4, 147 27, 500 0 -27,500  -2,073,500
7 55 0 =55 —4.20_2 27,500 0 ~27,600  -2,101,000
8 55 ¢! -59 -4,257 . 27,500 ) 27,500 -2,128,500
g 55 0 -55 -4,312 27,560 0 -27,500 -2, 156, 030
10 55 1] -55 -4,367 27,500 0 -27,500 -2, 183,500
11 55 ] -55 -4,422 21,500 0 27,500 -2, 211, 000k
12 55 0 -85 -4,477 27,500 0 -27,500 -2,238, 500
13 95 0 -85 -4,532 27,500 0 -27.500  -2,266,000
14 55 0 -55 -4, 587 27,500 0 -27,500 -2,293, 500
15 55 0 55 -4,642 27,500 0 -27,50  -2,321,000]
16 55 0 -55  -4,697 27, 500 0 -27, 500 -2,348, 500
177 5 0 -55 -4,762 27,500 0 -27,500  -2,376,000
18 55 0 -55 -4,807 27,500 0 L27,6500 -2, 403,500
19 55 0 ~65 ' -4,862 - 27,500 0 -27,500  -2,431,000
20 . 55 Q -55. -4, 917 . 27,500 ¢ -27.500 -2, 458, 500
21 55 0 -5 -4,972 27,500 ¢ -27,500 -2,486, 000
- 22 55 0 -55 -5,027 27,500 0 ~-27,500  -2,513,500
23 55 0 -565 -5,082 27,500 0 -27,500  -2,541, 0001
24 59 0 ~55 -5,137 21,500 0 -27,500 -2, 568,500
25 55 0 -85 5,192 27,500 0 =27,500  -=2,596,000
26 10,753 16,746 5,993 - - 801 5,376,500 8,373,000 2, 996,500 400, 500
21 1,514 00 -1,514 -713 757,000 0 -75%, 000 -356,500
28 . 55 0 -85 -768 27,500 g -27,500 -384, 000
29 . 55 0 ~59 ~-823 27,500 0 27,500 . =411, 500
. 30 5% 0 -55 -878 27,500 Q -27.500 -439, 000
- 31 55 0 “55 -933 27,500 0 -27,500 -406, 500
32 5 0 55 -988 27,500 0 =27, 500 -494, 000
33 55 0 -5% -1,043 27,500 0 -27, 500 -521, 500
3 55 0 -55 -1,058 27,500 0 -27,500 -5489, 000
35 55 0 -55 -1,153 27,500 0 -27,500 =576, 500
36 55 0 =55 -1,208 27,500 D -27,500 -604,0001
37 55 0 -55 -1,263 27,500 ¢ -27, 500 -631,500]
38 65 0 -55 -1,318 27,500 0 27,500 -659,000
‘39 55 0 -85 -1,373 27,500 0 -27, 500 -686, 500
40 ° 55 0 -55 -1,428 27,500 0 -27,500 _ _ -7T14.0
4 55 0 -5 -1,483 27,500 0 -27,500 -741,500
42 55 0 =55 -1,538 27,500 0 -27,500 - 769,000
43 585 0 . -55 -1,593 27,500 0  -27.500 -796, 500
4 5 0 -55 -1,648 27,500 0 -27.500 824, 000
45 55 0 -55 -1,703 27,500 0 -27,500 —851_,500'
46 55 0. - -55 -1,758 27, 500 0 -27,500 -879,000
47 55 0 -5 -1,813 27,500 0 -27, 500 —906.500
48 95 0 -55 -1,368 27,500 0 -217, 500 -934,000
49 55 0 -6 -1,923 27,500 0 =27, 500 -951, 500
50 55 0 -56 -1,.978 27,500 1] -27, 500 -989, 000
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9,964,000 42,192,500 32,228,500

51 19,928 84,385 04,457 62,479 31,239, 500
52 1,199 0 -1,199 61,280 599,500 0 -599,500 30,640,000
53 55 0 55 61,225 27,500 0 -27,500 30,612,500
54 55 0 55 61,170 27,500 0 -27.500 30,585,000
55 55 0 -5 61,115 27,500 0 -27.500 30,557,500
5 %5 0 -5 61,060 27,500 0 -22,500 30,530,000
57 55 0 55 61,005 27,500 0 -22,500 30,502,500
58 55 0 -55 60,950 27,500 0 -27,500 30,475,000
59 55 0 -55 60,805 27,500 0 -27,500 30,447,500
60__ 55 0 -55_ 60,840 __ 27,500 0 -27.500 30,420,000
S 0 -55 60,785 27,500 0 27,500 30,392,500
62 55 0 -55 60,730 27,500 0 -27,500 30,365,000
63 55 0 -55 60,675 . 27,500 0 -27,500 30,337,500
64 55 0 -5 60,620 27,500 0  -22,500 30,310,000
65 55 0 -55 60,565 27,500 0 -20.500 30,282,500
66 55 0 -55 60,510 27,500 0 20,500 30,255,000
67 55 0 -55 60,455 27,500 0 -20,500 30,227,500
63 55 0 -55 60,400 27,500 0 -20,500 30,200,000
69 55 0 55 60,345 27,500 0 - -27,500 30,172,500
0 55 05 60,290 _ 27,500 0 -27,500 30,145,000
71 55 0  -55 60,235 27,500 0 27,500 30,117,500
72 55 0 -55 60,180 27,500 0 .-27,500 . 30,090,000
73 55 0 -55°60,125 27,500 0 27,500 30,062,500
455 0 -55760,070 27,500 0 -27,500 30,035,000
7% 55 0 - -55 60,015 27,500 0 27,50 30,007,500
76 23,311 106,223 82,887 142,902 11,670,500 53,114,000 41,443,500 71,451,000
77 1514 0 -1,5]4 141,388 757,000 0 -757,000 . 70,694,000
8 55 0  -55 141,333 27,500 0 -27,500 70,666,500
% 55 0 - -5 141,278 27,500 S0 -27,500 70,639,000
805 0 -55141,223 27,500 0 -27.500 70,611,500
8l 55 0 55 141,168 27,500 0 -27,500 70,584,000
82 | 55 0 55 4L 113 27,500 0 -27,500 70,556,500
83 55 0. -55 141,058 = 27,500 S0 27,500 70,529,000
M 55 0 -55 141,003 27,500 0 -27,500 70,501,500
85 55 0 -55140.048 27,500 0 -27,500 = 70;474,000
8 55 0 -55 140,893 27,500 S0 -27,500 70,446,500
87 55 0 <55 140,838 27,500 L0 27,500 - 70,419,000
88 55 0 -55 140,783 . 27,500 0 :27,500 70,391,500
89 55 0 . -55 140,728 . 27,500 0 -27,500 70,364,000
9 55 0___ =55 140,673_____27,500 0___-22.500 70,336,500
91 55 0 -55 140,618 27,500 0 -27,500 70,309,000
92 55 0 -85 140,563 27,500 0 - -27.500 70,281,500
93 55 0 -55 140,508 27,500 0 -20,500 70,254,000
M 55 0 - -55 140,453 27,500 0. -20,500 70,226,500
95 - 55 0 -55140,398° 27,500 S0 22,500 70,199,000
9% - 55 ° 0 -55 140,343 - 27,500 0 . -27,500 70,171,500
97  55° 0 -55 140,288 27,500 Y0 27,500 70, 144,000
98 55 0 - -55 140,233 ' 27,500 020,500 70,116,500
99 . 55 0 -55 140,198 ' 27,500 0 -27,500 70,089, 000
100 0 55 0 (-55140,123 27,500 0 -27,500 70,061,500
f 8 I n or 2 [

0L 15,881 91,106
Tolal 84,117 208,465 214,31

8 478,696 42058 500 149, 232 500 107 174000

214, 38, 000
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1.1 FOREST MANAGEMENT
1.1.1 Introduction

The objective of forest management field in this project is to formulate effective
Multi-Storied Forest Management Models in the tropies based on tree growth
preédiction, cost analysis and simulation. The management models that are assumed
reforéstalion by the private sector are produced as trial in this report. Acacia mangium
plﬂllt;éltion, logged-over forest and openland are supposed as sites of reforestation in
Peninsular Malaysia. :

‘Strip planting method that is progressing in Chikus project site Block-B,
consisting of Acacia mangiwm trees as upper trees and high quality timber species such
as dipterocarp species as lower trees will be applied to'Acacia mangium plantation.

Gap planting methed that is progressing in Bukit Kinta project site, filling a gap
after logging in natural forest with high quality timber species such as diplerccarp
species will be applied to logged-over forest.

~ Strip planting method that is progressing in Chikus project site Block-A, means
planting Acacia mangium trees as upper trees befoi‘e planting high quality timber
species such as dipterocarp species as lower trees without planting in strips for lower
trees will be applied to openland in the initial stage.

Furtherniore another strip planting method that is progressing in natural
secondary forest in Chikus project site Block-A, means using secondary forest as shade
trees, planting high quality timber species suéh as dipterocarp species as lower trees
will be applied to natural secondary forest changed from openland.

At first the forest nianaQement models were prodiced as irial for each site of
' reforestation and then were analyzéd by its costs and income. According to the results
of cost analysis, strip planting with wider width of felling is expected to get maximum
income and recover costs earlier than strip planting with narrower width of felling. It
will be expected to recover investment at the 31st year after establishment at RM8,500
* per 1 hectare and evéluated income at RM267,000 per 1 hectare at the 104th year after
- establishment in Acacia mangium plantation. _

- Estéblishment cost of :gap planting method was calculated in initial stége in
" logged-over forest. Reforestation by the private sector is considered as not suitable in
" logged-over forest without concession for logging.

As multi-storied .fore‘st by using ét.rip planting method in opentand in Chikus
projeét site Block-A has not been established at present, the management mode} is not

formulated.
Strip planting with wider width of felling of secondary forest is expected to get
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méxi_mum income than strip planting with narrower width of felling of secondary forest
in natural secondary forest. It will be expected to recover investment at the 5ist year
after establishmeﬂt at RM62,000 per 1 hectare with an estimated income of RM214,000
per 1 hectarve at 101st year alter establishment in secondary forest.

The forest management plans were produced ‘as trial for cach site of
reforestation. If the multi-storied forest is established in whole area, it would take more
than 30 years to recover investment in Acacia mangium plantation and secondary
forest. However the possibility will be expected to recover investment earlier depending
on reconsidering forest nianagement models mentioned above. Theérefore we continue to

formulate the effective forest management models.
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1.1.2 Management Policy
1.1.2.1 Background and ebjeclives

The objective of forest management field in this project is to formulate effective
Multi-Storied Forest Management Models in the trobics based on tree growth
prediction, cost analysis and simulation so that the private sector could use it.

: Multi-Storied Forest Management - the planting of different species of trees with
in the same area in order to create a mixed forest of comﬁlex sl:;uctur'c - lacks the
shoftc_o'mings of single-species reforestation and tesults in forest that are effective in
envi_ronmcnlal conservation, resistant to pests and diseases, and conducive to

diversified timber production.

1.1.2.2 Site of Reforestation
Siles assumed as site of reforéstalion are introduced. At the multi-storied forest
experimental site at Chikus project site Block-13, high qualily timber species such as
dipterocarp species are planted in the sirips in exisling Acacia mangium plantation.
The gaps are cut in five different patterns(i:1{one row cut, one row left) namely A-type,
2:2(two rows cut, two rows left) namely B-type, 4:4(four rows cut, four rows left) namely
C-Lypo, 8:8(eight rows cut, eight rows left) namely D-type and 16:16(sixteen rows cut,
_ sixteen rows left) namely E-type). High quality timbcr species are planted at the sirips
as lower (rees, Acacia mangium plantation is assumed as site of reforestation with this
" strip planting method. Total area of |)!éniatioh forest by state are shown in Table-11.
At Bukit Kinta project site, _millii-_'é;loriéd forests are establfshed through the gap
| p'latnling of high quality timbcrispccies in gaps m l;;)ggcd-over natural forest. begged-
‘ dver forests of I"ermémc_mt Foirest Estate are assumed as site of reforestation with this
gap planiing method . The forests are shown by state in Table-I'1.
At the multi-storied forest experimental site at Chikus project site Block-Aan
openland produced by clear cutting), (wo types of planting ntethod for multi-storied
‘ forest are progressing. S
" One is a strip planting method which is planting Acacia mahgium trees as uppe.r
treés Lefore planting high quality timber species such as dipterocarp species as lower
“trees without planting in the strips for lower trees at initiél stage. 'This planting
method will be applied to openland. Concretely speaking, this planting method will be
applied to the forests after clear cutting Acacia manginm plantation and Stateland.
The other is a é(rip planting methed which uses secondary forest as shade trees.

High quality timber species such as diplerocarp species are planted as lower trees
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between a strip and another strip of secondary forest. Secondary forest means forest
whidh is naturally 'regenerated'after clear cutting of natural forest. This plaating
method will be applied to sccondary forest in openland. Concrétely speaking, the
planting method will be applied to the forests afler clear culling Acacia mangium

plantation and Stateland.

©1.1.2.2.3  Acacia mangium plantation

Commercial establishment of Acacia mangium plantations have been mainly
planted under the Compensatory Forest Plantation Project in Peninsular Ma.laysia
(hereinafter referred to as “CFPP”. At present, the plantation was established about 60
thousand hectares in Peninsular Malaysia. The total arca planted and age classes of
CFPP species(including another CFPP species) are shown in Table-I'2. The locations
are shown in.Figure-Fl. The plan(ation arca by state in Peninéuiar Mélaysia are

appropriated in Table-F3 on the 7th Malaysian Plan.

1.1.2.2.2 lLogged-over forest
Area of Permanent Fores{ Estale by state in Peninsular Malaysia are shown in
Table-F1. Forest area for logging by state in Peninsular Malaysia are appropriated in
“Table-F4 on the 7th Malaysian Plan. | '

‘ 11223 Openland : - :

* Stateland and Acacia mangiim plantation after clear cuiting forest are assumed
as openland in this report.' Stateland means the land which .is diverted from Permanent
Forest Estate as mainly agriculture land. Total avea 6!' Stateland by slate in Peninsular
Malaysia are shown in Table-F1. Acacia mangium plantations are shown in the head of
1.1.221.
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Table:F1 Forest area in Peninsular Malaysia(ha)

State Porest land =
Permanent fores! estale Siateland|Wildfife
Production forest Protection toseive
Virgin forest|Logged-over | Plantation| forest
foriest forcst
Johar 0, 100 233,684 19,056 63,138 110,397 . |48,705
Kedak 132,308 - (210,409 2.035 97,565 1,686 - .
iKelanian 181,053 445,319 6,770 264,655 159,116 108,783
Melaka 9G 7,213 - 2,604 oo |-
N.Scembilan |22 410 148,149 59014 58,202 3,266 =
Pahang__ |792,203  lsoz7ss  [2i,e08 |- 202,324 |361,130 |
Porak 1602,960 403,601 3,281 7,320 (G4,953 7.413
Perlis 714 {30,454 431 - 1,018 |68
P.Pinang 5,273 1,133 - 6,426 1818 -
Sclangor - 115,056 233,614 H).657 88,105 - 7,644 ‘
Terengganu {248,297 316,020 3817 130,201 38,000  |77,507
Wilayan 5 5G - Gl - -
Persekulvan ;
Total 1,090,476 12,702,410  |73,169 718,370 588,864 |614,310 |
Notes:1. These are the higures as of -, 10985,
2. Source:Forestry Department, Perak
Table-I"2  Arca jﬂanicd and age classes of Compensalory Forest Plantation epecies(ha)
You {1953 |1e81 [i0es |1 froer 1958 - hiowo (1900 |0l [1902 1903 1094 [iso6  [Total plentod neon
Ago dyesr 1 yeat 120year 1[yoar 10{ycar 0 |yonc 8 [yenr? )wxrlﬁ jenr 5 Jyesr 4 Jycord [year 2 [yenc 1
State ' ' '
Johor 26 f2o |ixwo jigs j20m loao (33 or sy lim i fo o 18322
Pakang 6 o 25 |1zz2 j2700 [5480 |1pos |30 [1om fazme iam [ |is  {isoe
Nsorddn * |18 |15 Jm1 on wi ls [ oo les fre b2 o b 1151
Selongor o | fm2 jan fiaoo ez faate fiaso o er @ |67 fo o1 faor
Perak e o o fo o o 0 a3 |ragr Jam jem |6 1210 j230
[kebantan e fo o fo o o o b o do fwr lm b |
ATerenggroa_ 10 Jo fo Jo Jo o o Jwo [0 o s o f1 [xw
Tetal o Jiaw oo st Jisaw e |ame {sas i Jemee |,ld'- 74 [51406

Nutos:1. These are the figure rs of January, 1996,

2. SourceForeet Fantation Unit, Forestry Diparteent Headiaters
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Figure Kl

LOCATION OF FOREST PLANTATION IN PENINSULAR MALAYSIA
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Tablo-l'3  Arca of Componsatory Forest Plantation on the Tth Malaygian Plan(hn}

Yoar (1996 [1997 to54 1999 2000 Tulal
Sinto

Johor o b —- . - - - -

Kedaht 220 300 300 380 300 1,600

Kelantaa . |- - - — — -

Molaka - i - - - -

IN.Seabitan* 400 190 — - - ._Is90

i'ahang* 700 850 - - . 1,650

Perak - - - - 1= -

I.Pinang - - = - — -

Sclaogor. - — - — — -

Tercngganu* 100 360 - - - . |760

Wilayan - - - - - -

Persckutuan

[ Fotal 1,720 L700 {300 [380 300 1,400

Noles:t. +Main species:Tectona grandis
2. *Main species:Acacia mangium

3. Sourco:Forest Plantation unit, Forcetry Departiment lleadquaters

Table-F4  Area of Permanent Forest Estate for logging on the 7th Malaysian Plan(ha)

wmos 1997 1998 1999 2000 Total
“{State d | ‘ ' ; '
|Johor Hagos 12905 205 2,705 2,705 {13,625
Kedah 2,860 2,860 2,860 2,860 2,860 34,300
Kelantan _ |6,885 6,885 6,885 6,885 6,885 1,425
Melaka - - - - - -~
N.Sembilan 2,435 2,435 2,435 2,435 2,436 12.176
|Pahang 12,240 D1z240 12240 [12,240 |1z.240 - l61,200
|Perak 8,300 8,300 8,300  [8,300 18,300 11,600
PPinang |- |- - - - -
Selangor ___[1,795  |1,705 1,795 1,795 1,795 18,976
Terongganu_ 8,820 8,820 - |8820 8,820 8820 {44,100
Wilayan - - - - - -
Persckuluan . _
Tetat . 146,040 Moo j46010 46010 |46,010  [230200

Notes:1. Source:Forestry Department, Perak
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1.1.3  Management Model _
1.1.31 Management model in site of reforestation

The management madels with 1 hectare as a unit were developed for each site of
reforestation in order to formulate proper siyle of forest management plan in
commercial base. All costs in the case study were based on written contract which
consist of riurséry work, silviculture work and construction and maintenainice of forest

road. Land cost and stale of enterprise were not considered.

1.1.3.1.} Mapagement model in Acacia mangium plantation

The management madel at Chikus project site Block-B were applied to Acacia
nangium plantation. The managerment model which consisted of Acacia mangium trees
as upper trees and dipterocarp species {rees as lower trees were produced
éxperimentally.

The management model produced cxperimentally were B-type model(two rows
cut, two rows left), C-type model{four rows cut, four rows left) and D-type model(eight
rows cut, eight rows left). A-type model{one row ‘cut, one row Teft) ahd E-type
model(sixteen rows cut, sixteen rows left) were not produced. Establishment cost was
calenlated with the actual project cost. The establishment(beiween first yoar eperation
to fifth year operation) cost is shown in Table-F5. Basis of the estimate is shown in
Appendix 1. _

Establishment costs were eslimated at RM8,240 per 1 hectare. Based on the
actual project costs, ten (ypes of the management models were produced
~experimentally. Copmarison of the management models are shown in Table.I's,
According to the result of cost and income analysis in this case study, D-type model was
expected to gét maximum income and recover investment at eacliest stage. D-type
model was estimated most proper model of the others as commercial management
model.

Hence, by using D-type model, forest management mode!l in this case study is
introduced{refer to Case siudy-1). Basis of the estimate is shown in Appendix 2.
According to the result of the case study, it will be expected to recover investiment at
the 31st year operation. Total balance was estimated at RM8,483 per 1 heetare at the
year. Total balance was estimated at RM266,990 per 1 hectare final!y. Estimated yield
volume and price of felled timber are explained in the head of “1.1.4 Income and cost
analysis”. !

"The management'niode’l developed is tentative based on the project to date,
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Other models are not excluded by this. Therefore, the management model will leave

much rocom for improvement.

1.1.3.1.2  Mandgement model in logged-over forest

The managemgnl model at Bukil Kinta project site was applied to logged-over
forest. At the Bukit Kinta mulli-storied forest project site, multi-storied forests are
progreasing to'establish through the gap planiing of high quality timber species in gaps
in logged-over natural forest. The imtial eslab}is.hm'ent cost was estimated per 1
hectare based on the actual establishment costs of Block-I of this project.

Establishment costs(between first year operation to fifih year operation) were
estimated at RM17,516 pdr 1 hectare. The resull is shown in Table-F'7. However, the
ostablishment which was estimated execept forest road construction and maintenance
means planted costs in the casé of the thle area planted. In actual planting operation,
gaps for planting exist partly in the sile of reforéstalion(iogged-over forest). Thercfore,

establishment costs estimated will be estimated to reduce.in' actual planting eperation,

1.1.3.1.3 Management model in openland ‘ _

At the multi-storied forest oxperimental site of Chikus project site Block-A, two
lypes of establishment methods are progressing.

One is a strip planting method which is planting Acacia _man_gium irees as upper
trees before planting high quality timber species as lower (recs without planting in the
- strips for lower trees at initial stage(hercinafter referred to as “pre-planting method of:
fast growing species’). As multi-storicd foresﬁ by using pre-plan.{ing melhod of fast
3 growing species has not been established, the maxiagement. modet is not formulated.

The other is a strip planling method which used secondary forests as shade trees.
High quality timber species are planted as lower trees between a sirip of a sccondary
" forest and another one. The management models which was used natural secondary
forest as shade trees, planted high quality timber species(supposed Shorea leprosula)’
were produced experiméntally. The management models produced experi-menta}ly were
F-iype{10m width cut, 10m width lef(). G-type(20m width cut, 20m width left) and H-
Lype(40m width cut, 40m width left).

Establishment costs were calculated with the actual project costs. The costs from
first year operation to second year operalion are shown in Table-F8. Establishment

costs were estimated at RM3,927 per ! hectare. Basis of the estimate is shown in
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Appendix 3. Based on the result, three lypes of the management models were produced
experimentally. Compar.ison. of the management models are shown in Table-F9.
According to the results of cost and income analysis, H-lype model was expected to get
maximum income and recover invesiment at earliest stage. H-lype model was
estimated a more proper commercial manageinent model than others,

Hence, by usiﬁg H-type model, forest manag’efucnt nodel in this case study is
introduced(refer to Case study-2). Basis of the estimate is shown in Appendix 4.
According to the résull of the case study, it will be expected {0 recover investment at
the 51st year operation. Total balance was estimated at RMG.2,479 pef 1 hectare at the
year. Total balance was estimated al RM214,348 per 1 hectare finally. Estimated yield
volume and price of felled timbér ave explained in the head of “1.1.4 Income and cost
analysis”.

The management maodel developed is tentative based on the project to daie.
Other models are not excluded by this. Therefore, the management model will leave

much room for improvement.

1.1.3.1.4 Discussion and recommendation

The cutlook for commercial reforestation is spoken generally whether it takes
less than 20 years or not to recover investment. It was estimated to take 30 years for
tecovering investment of D-type. Ameng the management models of C}iikils project site
Block-B, D-type medel was estimated t§ be better than the others. In the operation
more than 30 years, lotal balance got inio the black. There was no problem to keep
. multi-storied forest managenjonl stably. Therefore, a problem which confronts us is to
reduce the inilial establishment costs,

Multi-storied forests are established experimentally atl few foresl reserves in
Peninsular Malaysia. Estimated establishment costs were compared at three multi-
storied forests al Chikus project site. Guaung Besout Forest Reserve in Perak and
Rantau Panjang Forest Reserve in Selangor. Cémparison of preconditions at
establishment are shown in Table-F10. Comparison of estimated establishment costs
are shown in Table-F11,

Establishment costs of Chikus project site and Gunung Besout Forest Reserve
aro based on written conlract..: Establishment costs of Rantau Panjang Forest Reserve
are _ba'scd on interview study at the site. According to the comparison of the unit price,

there were no great differences among ecach establishment costs except upper tree
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felling cost. How to reduce cost of uppef tree felling at estgblishmeht'operation is an
in}portant matter.

For the time being, the most effective method of the cost reduction is as follows.
To operaie thinning for income and establish multi-storied forest at the same time by
felling upper trees with iricome of thinning. This method was donc at establishment of
multi-storied forest at Rantau Panjang Forest Reserve in Selangor. If the operation of
lhinn'ing 11 and thinning 1l are combined and multi-storicd forest is established at the
year{at 9th or 10th year' operation), the income 6f' thinning wo_uld' recover the
establishment costs. The management model is shown in Case study-3. Basis of the
estimate is shown in Appendix 6. According to the estimated result, the establishment
cost of mulli-storied forest is recovered at the 16th year of operation and the mddel of
multi-storied forest management is kept stable through two rotations of Acacia
manginm management in the multi-storied forést management. In the simulation
model, the selling price of thinning timber(RM90/m3) was interviewed at Rantau
Panjang Forest Reserve. _

However, expected timber volume of Acacia mangium was not clear in this case.
And when multi-storied forest is established at 9th or 10th year operation, it is
unknown whether planted seedlings as lower trees can survive or not. Therefore, the
studies for these subjects are requiied through the study at another plantation site in -
the Follow-up phase. _ _

Gross profit is greatly influeniced by yield volume and timber price of Shorea
species in the whole management period in this case study. Expected yield volume of |
Shorea specics is greatly influenced b& damage rate to Shorea species as lower trees at
the upper tree felling of Acacia m'angium. . '

' In this case study, the damage rate to Shorea species was supposed through the
experinmental study of upper-story tree felling by Short-term Expert in 1995, Therefore,
upper-story tree felling sludy is required and actual damage rate to lower-story iree,
Shorea species, have to be measured in the Follow-up phase. At the same time, cost
analysis of the operation is reduired through the study.

At the Bukit Kinta pr'oj(:zct site, establishment costs of initial stage were
estimated at RMi16,744 per 1 hectare. In actual operation thesc estimated costs are
reduced, because actual plantling area exists partly in logged-over forest,

However, this estimated costs can not be recovered except from income by felling
- of reserved trees or final felling of planted seedlings. It also turned out expensive to
construct and maintain forest road at hill forest such as Bukit Kinta project site.

Therefore it can not be expected to reduce establishment costs of multi-storied forest at
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initial stage in hill forest under the present forest management system.

Establishment of multi-storied forest immediately after felling is suggestéd as
the solution to the problem. Thal is to say, planting gaps are casy to access by using
logging roads and skidding reads. 1mmediately after fetling and seedlings should be
planted at that time. And a lot of yield velume will be expected in the (uture by planting
seedlings'in skidding roads.

At the multi-storied experinental plot with pre-planting method of fast growing
species of Chikus project site Block-A, production of the management model is required.
And cost analysis is required at establishment of multi-storied forest in the I"-ollaw-up
phase. '

In the produced mulii-storied forest management model with secondary forest as
shade trees at Chikus project site Block-A, rémaining secondary forest strips were left
as they were until the 26th year operation. Howaver, 'in actual forest management
seedlings should be planted early in strips of remaining secondary forest. o sccure the
interim revenue that will be nceded before dipterocarps can be harvesled needs to be

examined.

Table-F6 Result of establishment costs of D-lype management model ot Chilﬁm project site

- Block-B{Balance Sheet)
year Cost Income JAnnuzl balance 'l‘ol_.al balance
- (RM/ha) (BiMmha}y (RM/ha) (’RM/ha)
1 (A mangiun planting 1,250 = AH1250 1 A 5260

2 |Trealment 1 ({slashing and form] =
pruning):17¢ . .
Road maintenance:50 ;

General adminisirative expenses: 22 :
Sub tolal:242 | A 242 & 1,492
3 {Road maintenance:60 -
General adminisirative expenses:§
Sub total:35 - ' A 65 A 1,647
4 1A mangivm felling:2,287 . - :

Shorea spp. planting 2,930

Road maintenance:60
General administralive expensea:532 :
Sub totah5,84% A 5819 A 7,396

b [Shoreaspp. weeding:717
Road maintenance:50
General administrative expenses:77
Sub total:544 _ -X:i1 A 8,210
Totat| 8,240 - 23 8240 A 8240
Note ; 1. & indicates deficit.
2, Precondition of establishmeént of multi-storied forost is ehown in Table-1"14.
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Table-F6 (;onlpar_ison of the management models at Chikus project site Block-B

" Notes:1. T:Thinnings

2. F-Final felling timbcr
3. Total management period: 104th year
4. Upper-story tree:Acacia mangium

5. Lower-story (ree:Shorea leprosula or Shorea parvifolia

Type {Production goal of |Use of heavy machine at|Year recovered |Total balance
Acacia mangium u.pper—s'lory felling(timeslinvestment at the final
usedftimes upper-.story {year) managemnent
. felled) year (RM/ha)
B1  |T:Pulpwood - 31st 241,773
F.General use timber
B2 |T:Pulpwood 38 54th 265,420
F:General use timber
B3  [T:Pulpwood 8 54th 264,174
1".General use timber
C ' |T:Pulpwood - 31st 250,340
F.General use timber .
D T:Pulpwood - 3lst 266,890
F:General use timber a
Blp |T and F:Pulpwood = “H4th 229.508
B2p_|T and F:Pulpwood s 54th 263,801
B3p |1 and F:Pulpwood - Al 54th 254,669
Cp__ |T and F:Pulpwood . - B4th | 247,954
Dp [T and F:Pulpwood - b4th 254,724



Case Siudy-1  D-lype management model ab Chikus project site Block-B

1 Target forest
Multi-storicd foresl (2 storied forest)
Ultimately, estimated multi-storied forest will be predominated by dipterocarps{supposed
Shorea species io this case study)
2 Planting species
upper-stoey Leee in initial slagerAeacia mangium
lower-story (ree in inilial stage: Shorea specics
Fast geowing Acacia mangium will be vsed to establish Shorea species forests.
Acacia mangium are used lo achicve the followin g
® To serve as murse teces that provide Shorea species with the shade whicl they require
al the initial growth stage.
@ To sceure the interim revenue that will be nceded before dipterocarps can be harvested.
"3 Production gorl
Acacia mangiunifinal felizd trees as general use timber,hinnings as pulpchip
Shorea spocies: final felled trees and thinnings as general use timber
4 Site of reforestalion
Acacia mangium plantation
5 Spacing '
3.7m % 3.0m (B9Gt ceesha)
G Initial planting width of h igh quality timber speciesthereinafter referred to as
‘IS Brows(33.3m)
7 Initial retaining widih of fast growing {imber specicsfhercinalier referred to as
"FGTS :Brows(33.3m)
" 8 PFelting of HQTS in whole managemen! period(104ycars)
(@ “Thinning :
a) Times ; 2 limes _
b) Year after first op(_*.faﬂinnﬁllsl year, bGth year
¢} Culling period:25 years ' ‘
@ Finalfclling
a) Times {3 timeg
b) Year alter fifst operation:6Gth year, 81st year, 106th year
<} Culting period 50 ycars
9 Fclli.ng of FGTS
@ Thinning
a} Times [ 6 Limes
b} Year after Grst operation:4th, Gih, 10(h, 19th, 2!_sl,' 25th _
¢} Culting pc’riod:'l‘hinning 1:3104years, Thinning B:5 years, 'Chinning I1:9

@ Final felling
a)y limes | 2 timoes
) Yeare sfter first vperation:10th, st yonr
¢) Culling period: 15
10 Final felling year
104th year
The planned whole managemént period is supposed 104(h year.
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Shorea spp.

A mangium

1 4 6 10 16 19 21 25 31 .51 8 I0iyean

A.ﬁ:angr'um planting(row) 32 16
(treestha) 896 448
A mangium binning(row) 16

{treesfha) 381

(vield volume : m¥%ay ~ 4 10 30 4 9 a1
A.mangium linal felling(row) 16 16
{treesha)
(yield volume | m¥%ha) 90 81
Shorea spp. plantinglrow) 16 24 i6 16 16
* (treesiha) 148 672 418 448 448
Shorea spp. thinning(row) : ' . 8 8
 {treestha) L 7312
' gyiel volume ; ca%ha) o : 60 103
Shorea spp. final felling{row) 8 16 16
{trecstha) 27 73 72
(ield volume . m¥ha) &8 237 23

' Figure:Multi-storied Forest Managemcn(. Mode),D-type at Chikus 'proje'ct site Block-B

Notes:1. Planting spacing : 3.7mX3.0m (32rows X 28ows=89%6treestha)
2. Fins! felling of A ingngium | 2 times(16th year, 31st yc-ér)
" Final felling of Shorea spp. 3 times(B6th year, 81sL year, 106th year)
3. Binal felling age of A.mangium ; 16th year

Final felling ago of Shoreaspp. - 50th year
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Planting pattern of D-type management model

(Year)
M 2449 pppPpasARAAALL PAPAAAARALISISLELS

Acacia mangium planting

T S adaqsse [T [ Tansaress

LI | T

Fstablishing multi-storied forest{Acacia mangium fclling and Sheorea species planting)

® T TTT 24€99¢499 . 1 HT ' PP.P.P?;?H

----------

- Acécia mangium thinning 1

w L Lo 1L oo

- Acacia mangium thinning 1

o

e M s diiiiiis

Acacia mangium final fellmg and Acacaa mangium plammg

o T s T

Acacia mangium thinning 1

e I e THHHTIE

Acacia mangium thinning [
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SR

Acacia mangium thinning I

0 $O0 B0 o Jelel J¢

o 99ppoppp|plaele|oeoerrpe [0y

00 00 00 0 ©

6n

Shorea species final felling, thinning and planting

Q 0O OOOQOOOOQ OOOOQ

UIRRRARIARERE

© . Shorea species fina) fe!lmg and planlmg

999000 999000 90 90

i Alndddant

Shorea species final felling

. F.egend

T(A):Acacia ma ngiumifo!]ed)

T(O):Shorea species(felled)
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Table : Balance Sheet (Case study)

“year

Cost
- (RM/a)

Income
(RM/ha)

Annual balance
(EM/ha)

Total balance
@M/ha)

A mapgium planting | 1,250

| A 1,250

A 1,250 |

Treatment 1 (slashing and form
pruning)170 _

Road maintenance:50

General administrative expenses: 22
Sub total:242

242

A 1,492 |

Road maintenance:50

General administrative expenses:b

|Sub total:sh

Fagy 1l

201,647

A mangium felling:2,287

Shorea spp. planting: 2,980

Road maintenance:50

General administrative expenses:632
Sub total:5 849

A 5849

A 7,396

Shorea spp. weeding:717

Road maintenance:60

General adhiniéttative expenses:;77 -
Sub total:844

A 844

A.mangium thinning H: :270
Road maintenance:50 _

General administrative expenses:32 .
Sub total:352 :

Pulps%ood:tlﬁﬂ

108

A 8,240

A 8182

-9

Road maintenance:150
General adminisirative expenses:16
Sub total:165

Sub total:460

AN 165

A 8297

10

A.mangivm thinning :310

Road maintenance:50

General administrative ex‘peﬁsesz%
Sub total:396

Pulpwood: 1,380

Sub total: 1,380

984

A 7,313

11

Road maintenance: 250
General administrative expenses:26
Sub total:276

AN 275

A 7,688
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year

Cost
(RM/ha)

" Income

(RM/ha)

Annual
balance
(RM/a)

Total balance
(RMMha) _

16

A .mangium final felling:3,170

A.mangium pla'nting:575

Road maintenance:60

General administrativé expenses: 380
Sub toia]:{ 175

General use
timber:9,000

Sub total: 9,000

4,825

A 2,763

17

A.mangium Treatment 1:170

Road maintenance:50

General administrative expenses:22
Sub total:242

A 242

A 3,005

18

Road maintenance:b0
General administrative expenses:5
Sub total:5h

A 3,060

19

A.mangivm thinning 1 :300

Road maintéenance:60

General adminisirative expenses:35
Sub total:385

- AN 38h

A 3445

20

Road maintenance:50
General administrative expenses:5:
Sub total:55 '

A 3,500

21

A.mangiun: thinning .l] :2?0

Road maintenance:50

General adminisirative expenses:32
Sub total:352

Pulpwood:414

62

A 3,438

22~24

Road maintenance: 150
General administrative expenses:16
Sub total: 165

Sub total:414

A 165

A 3,603

25

-|A.miangiun thinning M:310

Road maintenance:50 _
General administrative eéxpenses:36
Suyb total:398

- [Pulpwood:1,242

|Sub total:1,242

846

CA 2757

26~30

Road mainten_ancé:?ﬁl)

General administrative expenses:25

Sub total276

A 215

A 3,032
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Cost

year . Income Anaual balaace {Total balance
(RMha) ®Mha) |  [®RMmha) @M/a)_
31 A.mangium final felling:2,853 General use
timber:8,100
Shorea spp. thinning:3,692 General use
timber . 15,474
Shorea spp. planting: 4,468 |
Road maintenance:60
General administrative expenses: 1,096 _
Sub total: 12,059 Subtotal:23,674 11,615 8,483
© 32 |Shoreaspp. weeding: 1,075
Road maintenance.50
General administrative expenses: 113
Sub total;1,238 41,238 7246
33 Road maintenance:; 1,050
~53  |General administrative expenses: 105 _
i Sub total:1,155 AL155 | 6090
54 |Shoreaspp. final felling:5,265 General use
timber145,36'?
Shoreé spp. lhinniﬁg:.G,lSO General use
timber:26,496
Shorea spp. planting: 2,980 ' |
Road maintenance:50
General administrative expenses: 1,445 = 7 ;
Sub total: 15,890 | _|Subtatal71,863 | 65,973 62,063
55 |Shoreaspp. weeding:".;l? ' SR :
Road maintenance:50
General administrative expenses: 77
Sub total:844 A 814 61,219
56~80|Road maintenance: 1,250
General administrative expenses: 125 :
Sub total: 1,375 A 1,375 59,814
81 |Shoreaspp. linal félling: 14,235 General use
timber: 122,658
Shorea spp. planiing. 2,980
Road maintenance:50
General administrative expenses: 1,727 [Sub total
| 3122658 103,666 163,610

Sub total: 18,992
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“Income

Total balance

year Cost Annual balance
_ (RM/Ma) (BM/ha) RMha) (RM/ha)
82 |Shorea spp. weeding:717 '

Road maintenance:50

General administrative expenses: 77 _
| [Sub total:844 A 84 162,666

83~ |Road maintenance:1,050

103 [General administrative expenses:105

Sub total:1,155 A 1,155 161,511
104 |Shorea spp. final felling: 14,040 General use

tintber: 120,978

Road maintenance:50

General administrative expenses: 1,409 |Sub total
| |Sub fotal: 15,499 1120,978 105,479 266,990
Total | 84,579 351,569 266,990 266,990

Note : 1. A indicates deficit.
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Table:F'7 Result of cslablishinent cost of Dlock-D at Bukit Kinta project site

Actual area:1.03ha
Planted seedlings:Shorea parvifolia
Planied number of scedlings:800scedlings/.03ha

ist year operation [Basis of catimate]
1. Establishment _
a)8ilo preparation 7,000RM/1.03ka
(Slaching and clearing wild banana
and fern)
b)To catey scedtings BOORM/1.03ha  {RM1.0iscedling)
(J1CA Nursery—DB Kiota F.R.)
c_)i’janling of Shorea patvifolia G80RM/L.03ha [RMl.O-"scedling]-
d)Scedlings(suppesed to buy 1,760RM/1.03ha  [RM2.2/scedting]
al private nursery)
e)Treaimeni(Spol weeding included 2 472RM/1.03ha  [RMGOO/ha*4limesfycar]
ctimbee culting)
)Gencral administrative expense 1,271HMN 03ha
- {10% of direct expenses)
Sub tatal 13,983RM/1.03ha(RM13,576/a)
2. IPorest réad conslruction and maialenance
#)Construction:RM205,507/300ba* (RM688/ha)
- (included bridge conslruction cosls)
Grand total : 14,264/Mhx
2nd year operation [Basis of ¢slimate]
1. Silvicultute‘work _ _ ‘ .
a)Treatment(Spot weeding included ©1,236RM/1.03ha’  [RMGOO/Ma*2timesfyear]
climber cutling} -
. b)ancrai administrqtive ex[nse " 124RMil1.03ha
(10% of direct expenses) : :
-~ Sub total 1,360RM/1.03ha(RM1,320/ha)

© 9. Forest road maintenance
_ a)Maintenance: RM73,536/300hat(RM2451ha)

tincluded bridge maintenance and resteration costs)

Grand total 1,665/ha

3rd year operation

1. Foresl road maintenance
aYMaintenance: AM60G,241/300ha'(RM1,687/ha)

Total costs of st year Lo 3rd year operation:RM17,516/Ma

Note:*:Area of access region for the forest road(ha)
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Table-F'8 Result of establishiment costs of H-type management model at Chikus project site

Block-A(Balance Sheet)
yoar Cost Income  |Annual balance {Total balance
RN/ha) ®Mha) | ®Mha) (RM/ha)
1 |Secondary forest felling/
Shoraa spp.planting:3,030
Road construction:100
General administrative expénses:313
- |subtotal:3,443 | 3,443 A3,443°
2 |Shorea spp. weeding:390
Road maintenance50
General administrative expenses:44
| |Sub total:484 ' A484 A3,927
Total | 3,927 - 3,921 A3,927

Notes: A indicates deficit.

" Table-F9 Comparisbn of the managouﬁent models at Chikus project site Block-A

AType Production goal of

planted trees

Year recovered investment

{year)

Total balanee at the - final

management year{RMfha)

E General use timber _blst 187,960
G__ |General use timber Blst 193,638
o H General use timber Blst 214,348

Notes:1.Total management period: 101st year

2.Upper-story tree{Shade tree):Secondary forest

3.Lower-story {ree:Shorea lepurosula or Shorea parvifolia
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Caso Study-2 H-type management model at Chikus project site Block-A

1. Target forest _
Multi-storicd forest(2 storied forest)
Ultimately, estimated multi-storied forest wilibe predeminated by dipterocarps(supposed
Shorea species in this case study)
2. Planting species
lower-story tree in initia) stage:Shorea species,High Quality Timber Species(hereinafter
referred to as“}lQTS”)
upper-story (ree in initial stage:Secondary forest(ﬁmlli-storied forest management model
in Secondsvy forest)
Secondary forest will be used to establish Shorea species forests.
Sccondary forest are used 1o serve as nurse trees that provide Shorea species with the
shade. which they require at the initial growth stage.
" 3. Produiction goal .
Shorea species:final felled trees and thinnings as general use timber
4. Site of réforestation
Acacig mangium forest plantation and Stateland
5. Spacing .
2.6m X 5.0m (600 rcestha)
6. Initial planting width of HQTS:40m(15rows)
7. Initial retaining width of Secondary forest;40m
8. Felling of HQTS in wholeé management period(101ycars)
()Thinning o '
ayTimes:4times .
b)Year after Ist year operation:3ist, 56th year
c)Cutting period:2byears o
(2)Final felling
a) Times:3times
b) Year after Ist year operation:51st, 76th, 101st year
¢) Cutling period:b0years
9. Final felling year
:101year _
‘The planned whole management period is supposed 101year.
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Secondary forest

Shorea spp.

1 26 31 7% 101 (year)
Shorea spp. planting(row) 15 29 2% 29
{treesiha) 300 580 500 580
Shorea spp. thinning(row) 7 X 17 17
{treesiha) 79 192 192 192
(rield volume | m%ha) 65 157 157 139
Shorea spp. final fetling{row) 8 12 8
{treestha) 26 39 0
(veild volume  m*ha) 85 127 93

Figure:Mulli-Storied Forest Management Model 1{-lype ét Chikus project site Block-A

" Notes:1. Planting spacing:25m X 6.0m{30rows X 20rows = 60ttrecstha)

2. Finab felling of Shorea spp.-3times(51, 76, 101yr)

3. Final felling age of Shorea spp.B0year
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Plénting pattern of H-type management model

(Year)

Q Q Q Q Q’??PQQ?QSQQ?QQ? QQQ

Establishing multi steried forest(Secondary forest felling and Shorea species planting)

QOOQQT QW"“ -
%mmqumm_u 2 ¢ |9 #olel plooepeer

Establishing multi-storied forest{Secondary {orest felling, Sherea species thinning and p]an!mg}

OOOOOOOO
O.QTDQQ.D[-@ 0l oioioio0i0 Q@C.T

en el o|plelplie] el ??PH?‘?H??PM? | ¢ lp|el

Shorea species final felling, thinming and planting

® 0000 Q00 QQ Q O
ooooooo T@@.O[@@.(T@ .@.O.Q.'

ueuinnpnnﬁonb: slolplalolplé|eppreee

Shorea species final fetling, thinhing and planting’

OO OOO OOO

TQFIQTQTTQF] O i i TQ[QTT
P EIRA R BRI R IR R NI IR N S IR NN

Shorea species final felling and thinning

_ Regend
T(O)-Shorca spcdes(.felled)

1] “
L) [} .
Q ! . 3 Becondary forest

(felled)
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“Tablo : Balance Sheet {Case study)

year

Socondary forest felling/

Shorea spp.p]aniing:3,030

Road construction: 100

General administrative expcnées:313
Sub total:3,443

- Income
| {(BMha)

Annual balance
(RM/ha)

Total balance
RM/ha)

_A3,443

A3,443

Shorea spp. weeding: 390

Road maintenance50

General administrative expenses:44
Sub total:484

484

A3,927

3~26

- 28

Road construction1,150
General administrative expenses: 115 '
Sub total: 1,265

- A1L,265

H5,192

Secondary forest felting/
Shorea spp. planting:5,838
Shorea spp. thinning:3,887

Road maintenance:60 _
General administrative experises:Q’?S
Sub total:10,735 '

General use
timber: 16,746

Sub total
16,746

5,993

801

27

- |General administrative expenses: 138

Shorea spp. weeding: 1,326 :

Road maintenance:60

Sub total:1,614 -

4A1,614

AT13

28~50

Road maintenance: 1,150
General administrative expenses:115
Sub total:1,265

41,265

A1,978

51

- | Shorea spp. planting:3,650

Shorea spp. final felling:5,070

Shorea spp. thinning:9,446

Road maintenance50
General adm inistrative expenses: 1,812

General use
timher:43,687

General use
{imber:40,698

Sub total

84,385

64,457

62,479

Sub total; 19,928
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B
Total balance

Notes ¢ 1. A indicates deficit.

399

year Cost : - Income Annual balance
 (RM/Mha)_ __®Mmha)__ | ®Mmha) (RM/a)
82 |Shoreaspp. 'wcedx‘ng: 1,040
Road maintenance:50
General administrative expenses: 109
Sub total: 1,199 e AL ) 61,280 |
53~15|Road mraintenante: 1,150
General administrative expenses: 115
- ISub total:1,265 A5 | eo015
76 |Shoreaspp. final felling:7,605 General use
' timber:65,630
_ Shorea spp.thinning:9,446 General use
_ timber40,698
|Shorea spp. planting:4,118 '
Road maintenance 50
Generat administrative expenses: 2, 122[Sub total
| 1Sub total:23,341 106,228 82,887 142,902
T1 |Shoréa spp. weeding: 1,326
Road maintenance:50
General administirative expenses: 138
| . |Sub totak:1,614 1,614 141,388
78 Road maintenance: 1,150
~100 |General administrative expenses:115 ‘
Sub totak1,265 - AL265 | 140,123 |
101 |Shorea spp. final felling:5,850 General use ' '
' timber:50,408
Shorea spp. thinning:9,446 General use
timber:40,698
Road mainienance:60
General adminisirative expenses: 1,535 Sub iotal o _
_.__|Sub total: 16,881 :91,106 14,225, 214318 |
Total 84,111 208 465 214,348 214,348



Table-F10 Comparison of precondition at establishment of mulli-storied forest

Ttem

Chikus F.R.

Gunung Besout F.R.

Rantau Panjang F.R.

1.Species of upper-
story tree

Acacia mangium 3-

year old stand
(DBH:idcm, H:13m)

Acacia mangium 3.

year old stand

Acacia mangium -

year old stand*

a)Seedlings planted [2)800 a)000 - a)300
(scedlingsfha) ‘

b)Remaining trees  {b)765 bYnkown - »Unkown
(trecstha)

2.Upper-slory tree
felled

38Hreestha(D-type)

Zrows felled, Grows

left mainly

a)2rows felled, 2rows
left

b)drows felled, 2rows
left

3.Tree length 200 - Unkown
skidding distance(m)
4.Site preparation 448seedlings/ha Line weeding lLine weeding

(spot weeding’, Im

diameter)

|5.Secdlings of lower-
. |story.{ree planted
{(seedlinga/ha)

4148

228(on the average)

176{on the average)

‘ B.Treatm'e.nt,

Line weeding with
fm.width

Line weeding with

Line weeding -

1m.,width

Note:1. *Thinning{thinning [) was carried oui between 3rd to 4th year after planting.

2. F.R.:Forest Reseave
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Table-F11  Comparison of eétablishmeht cost of multi-storied forest(RM/ha)

Gunung Besout I.R.

Operation Chikus F.R. Rantau Panjang F.R.
[Basis of estimate] [Basis of estimate] [Basis of eslinate]
Site preparation |2,735 563 0
[Felling and hauling|[To carry and felling{[~}
of upper-story tree  Jupper-story tree
RMG.0liree, |:RM2.0/tree,
Clearing planting site|To clean planting line
‘RM1.0/seedlings) :RMO0.b/seedling ) :
Seedlings 986" 450 264
[RM2 2/seedling] [RM2.0/seedling] (RM1.5fseedling]
Planting 381 113 _ 448
[ [RMO.85/seedling]  |[RMO.5/seedling) (RM2.77/seedling]
Treatment 717 90 1200
[RMO.4/seedling [RMO.4/seedling] {RM1.13/scedling]
*4timeslyear]
Seedling loading  [448 . 226 -
and transpertation [RM1.0/seedling] [RM 1.0/scedling] (]
Total b,267 1,160 1912

Notes: 1. "‘:Seedlings: brought‘at private .nursery
2. F.R.Forest Reserve
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Casge

Study-3 Subtype of D-typ’e

Table : Balance Sheet

Cost
“(RM/a)

[Treatment

A.mangium planting © 1,250
|

slashing and form
pruning):170

-|Road maintenance:50

Genoral administrative expenses: 22

1Sub total:242

Jricome
- (Mdha)

Annual balance
®MMa)_

Total bélance
" (RM/ha)

401,250

A1,250

Road maintenance:60
General administrative exgenses:5
Sub total:55

A 242

01,492

055

A 1,647

A.mangium thinning 1 :300
Road maintenance:56 -

General administrative expenses:35

A 385

A01,932

Road maintenarnce: 250
General administralive expenses:2b
Sub total275

A276

2,207

A.mangium felling. 2,745

Shorea spp. p'lanting‘:2,980
Road maintenance:50
General administralive expenses:578

" |Sub total:6,353

Geﬁera] use
“timber:6,363

Sub total:6,363

0

A2,197

11

Shorea spp. weeding: 117

Hoad maihtenance:BO

General administrative expenses:77
Sub total:B44

844

3,041

12

Road maintenance: 200

General administrative expenses:20

: Stlb toial: 220 '

A220

A3,261

16

A.mangiun linal felling:3,552

A .mangium planting 676
Read maintenance:50

General admin istrative expenses:418

Sub total: 4,595

General use
timbor 8,890

Sub total:8,890

4,295

1,034
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year

~ Cost
. (RM/ha)

Income
(RM/ha)

| Annual balance

(RM/ha)

Total balance
(RMmMa) |

17

A.mangium Treatment 1:170

Road maintenance:50

General administrative expenses:22
Sub total:242

242

792

18

Road maintenance:50
General administralive expenses:b
Sub total:55

FaYsli)

19

A.mangiam thinning 1 :300

Road maintenance:50

General administrative expenses:35
Sub toial: 385

385

37

352

20
~24

Road maintenance: 2560
General administrative expenses:25
Sub total 276

£215

1T

25

A.mangium thinning [ - [1:963

Road maintenance:50

General administrative expenses: 101 |-

Sub total:1,114

~ {General use

timber:2,016

Sub total: 2,016

902

- 919

26
~30

Road maintenance:250
General administrative expenses:25 _
Sub total: 275

A2TH

701

31

A.mangiun: final felling:1,248
Shorea spp. thinning: 2,909

Shorea spp. planting:4,468

" [Road maintenance:50
. |General administrative expenges:. 868
~ tSub total: 9,643

32

Shorea spp. weeding:1,075

Road maintenance:b0

General administrative expenses: 113
Sub total:1,238

{General use
{ timber:2,800

General use
timber:12,632

Sud fotal
165,332

-

5,789

6,493

1,238

5,255

133

Road maintenance: 1,050
General administrative expenses: 105
Sub total: 1,165 '

A 1,165

4,100

403



yeir Cost Income Annual balance [Totat batance
RNMa) @MMa) (HMMa) (M)
54 | Shorea spp. final (clling: 4,806 Ceneral use .
timber:42,187
Shoreaspp. thinning G, 150 General use
tianber: 26,496
© |Shorea spp. planting: 2,930
|ioad maintenance:50
IGeneeal administrative; .
expenses: 1,408 - SUbtoial:G‘.‘,GS.'} 63,109 57,200
Sub total:15,484 |
55 |Shorea spp. weeding: 717
Road maintenance:50
General adminisirative expenses: 77
o [Subtotalgae B4 56,455 -
56 |Road maintonance: 1,250
~80 [General administrative expenses: 125 _
Sub total:1,375 CALETS 55,080
81 {Shorea spp. final elling: 14,235 General use
Limber: 122,658
. Shorea spp. planting: 2,030
Rtond maintenance:50
Genecal administrativejSub total _
oxpenses:1,727 122,658 103,666 158,746
Sub tofal: 18,992 : ‘
8z S;’mrea spp. weeding: 717
~ [ioad mainienance:50
Genecal administrative expenscs:77 : :
Suli total 814 o84 | 151002
83 [Hoad maintenance: 1,050
~103|Gencral administrative expenses: 105 _
Sub total:1,155 o ~ ALLIES 156,747
104 |Shoreaspyp. final felling: 14,040 General use
timber: 120,078
Road mainienance:50
General alminist rative[Suly total
cxpenses: 1,400 120,978 262,220
éulr total: 15,409 .
[ Total 82,691 344,920 262,‘226 262.‘2_26
Kote:1. Aindicates deficit.

2.Condition of operation lollows D-type management model.
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1.1.3.2 * Management plan in site of reforestation

Production of the forest management plan is required based on the effective
forest management model for cach site of reforestation finally. At that time, production
of planning fund procurement and planning cost and benefit are required.

Plarining fund procurement is for calculating the actwal balance belween
revenues from the sales of wood chips as well as borrowed money and expendititees for
repayment, interest, operating and gencral adminisirative expenses, including
planting, tending, timber production and the operation of the miﬂ, and other necessary
eXpenses per year.

In planning cost and bencfil, sales of logs and chips less the above-mentioned
operating and depreciation costs will be operating profits. Moreover, the deduction of
interest and taxes from the profits will résull in profits for the term. The advisability of

“investment is substantially affected when profits for the term occur or when
cumulative loss disappears.

Elfective management plans for commercial reforestation for each site can not be
produced based on the produced managchmnt models. Reason being that it takes more

"than 30 years to recover investmeni in the produced management models. Rough
estimates of income and cost for each site were introduced based on the produced
manageméni ‘models in this. report. Therefore, production of - planning fund

procurement and planning cost and bencfit are required finally.

1.1.3.21 Management plan in Acaci.a mangivm plantation
' AL present, mullti-storied forests qre established e'xporiniental]y at. Acacia
mangium plantation and 6pénlaﬁd al (fhikué project site wilhilotal area of 500 heétare.
Scale of management plan was supposed to be 500 heelare at the management model,
D-type management model, for Acacia mangium plantation.

Summary of the income and cost are shown in Table-112 in the case study. The
detailed estimation is shown in Appendix G. After this, production of planning fund
procurement and planning cost and beneﬁt are required based on the effective forest

management model,

1.1.3.2.2 Management plan in logged-over forest
Establishment costs of multi-storied forest at Bukit Kinta project site was
mentioned in the head of “1.1.3.1.2 Management model in logged-over forest”. After this,
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management plan is required based on the effective forest management model.

1.1.3.2.3 Management plan in openland
Scale of the management plan was supposed to be- 500 hectares at the
management model, H-type management niodel, with secondary forest as shade trees.
Summary of the income and cost are shown in Table-F13 in the case study. The
dotaited estimation is shown in Appendix 7. After this, production of planning fund
procurement and planning cost and benefit are required based on the effective forest

management model.

1:1.324 Discusssion and recommendation

Effective management plans including planning fund procurement and planning
cost and benefit for commercial reforestation can net be predu'ced based on the
produced management models. For the reason that it takes more than 30 years to
recover invesiment in the produced ma‘nag‘ement models and is not applicable for
commereial reforestation, _ .

As it was mentioned in the head of “1.1.3.1.4 Discussion and recommedation”, the
possibility of recovering . investment earlier is expecied by reconsidering forest
management model especially in the management model for Chikus project site Block-
B. Consequently, the management plans produced in this reprot are tentati.ve'. After
this, produciion of the managenient. plans are: required bésed on the effective

management models.
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Table-F12 Summary of the cost and income of D-typc management ptan

Year Cost Incomie Annual balance T'olal balance
(RM/500ha)| (RMI500ha) (RM/500ha) (RM/600ha)

1st 625,000 0 AG25,000 AG25,000
11th 21,600 0 £27,600 £3,684,000
21st 176,000 | - 207,000 31,000 - ALTI0,000
|31st | 6,029,600 | 11,787,000 5,767,600 4,241,500
41st 27,600 0 A27,500 3,375,000
Bist 27,500 0]  A21,600 3,100,000
Glst 217,600 0 A27,600 30,444,500
715t 27,500 0 A27,600 30,169,500
8ist | 9,496,000 | 61,329,000 51,833,000 81,765,000
91sL 27,600 0 A27,500 81,085,500
101st 27,600 0 227,600 80,810,600
104th| 7,749,600 | 60,489,000 52,739,600 133,195,000
Total | 42,289,600 | 175,784,600 133,195,000 133,496,000

Nota:1. A indicates deficit.

Table-F13 Summary of the cost and income of 1{-lype management plan

r’;:ear Cost . ‘Income Annaual balance " Total balance
(RM/500ha)|  (RMIBOONA) _(RM{500ha) (RM/500ha)

1st 1,721,500 0 A1,721,500 ‘1,721,600
L1th 21,600 0 A27,500 2,211,000
215t 27,5600 0 A27,600 A2,486,000
3ist 27,600 0 A27,500 A466,600
41st 27,600 0 A27,600 AT741,600
1518t |- 9,964,000 | 42,192,600 32,228,500 | 31,239,500
G1st 27,600 0 A27,600 30,302,600
71st 27,500 0. A27,600 30,117,600
81st 22,500 0 A27,500 70,584,000
91st 27,600 0 £27,500 70,309,000
1015t 8,440,500 | _ 45,553,000 37,112,500 107,174,000
Total] 42,058,500 | . 149,232,500 107,174,000 107,174,000

Note:1. A indicates deficil.
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1.1.4" Income and cost analysis
1.1.4.1 Cost analysis

Cost analysis was mainly carried out based on written contract and experimental
study for process analysis of the project. However. cost analysis of each type of the
management models such ds A-type, B-typc.'C:-type and P-type at Chikus project site
Block-B could not be carried out sufficiently, After this, a.pplication of each cost

analysis is required to the mémagcment models and the management plans, -

1.1.4.1.1 Scedlings cost analysis
Seedlings cost analysis is mentioned in the field of “Nursery”. It is required to

refer to Nursery field.

1.1.4.1.2 Silviculture work cost analysis
Silviculture work cost of each forést management medel is shown in Table-F14 to
Table:F17. These costs are based on written contracts of actual works of the project.
Experimental studies for process analysis were carried out in the field of upper-
sfory tree felling. hauling techniques and planting seedlings. Data obtained was not

applied to the management models produced.

. Expcriménlal study of upper-story tree felling and haulimg techniques were
: éohducted by Shori-term Expert. De. SAWAGUCH]L.

- The survey was carried out fo fulfill two objectives:1)To determine the aimouht of
damage upp'ef-story tree felling and hauling does to lo_wér trees; and 2YTo analyzé labor
productivity and the cost of initial feilihg and haﬁling in the develop'ment of multi-

- storied forests. A total of four plots were selected to conduct the survey. One plot was

selected from among the fellirig areas in the multi-storied forest for the first objective,

- while three plots were seliecled feom model felling areas for. the second. The felling area

‘chosen for the first objective was the Chikus Forest Reserve:Block-B. This ploi is

composed of Acacia mangi-um. the upper-story tree planted 1989, and Shorea leprosula.

the lower-story tree planted in 1992. The other three plots consist of Acacia mangium
woods adjacent to the first plot,

Acacia mangium trees that were surveyed have grown vigorously reaching 20cm

“in DBH. 19m io height. and 233m%ha in growiné stock. This stand was used to survey

the damage felling upper trees may cause to lower trees on ene hand, and to analyze
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the process and cost of felling, bﬁ'cking' and skidding by time study on the other(refer to
phtograph-F1~F3). ' '

The results of the trial upper-story tree felling in the survey clearly proved that
upper-story tree felling would be technically possible in the fature. That is to say.
damage to lower trees is expeeted o be small as long as a backhoe is used in felling
upper trees and logs are hauled by tractor running on a skidding trail, with the
excépiioh that the 1 vow cut, | rew left method is employed for niulti-storied forest A-
type(The result is shown in Figure-F2.). However, damage ta lower trees varies Lo some
degree with the felling pattern. When felling upper-story trees on a. commercial basig,
damage may increase unless the following technical conditions are cleared. Any
commercial project undertaken should be carried out carcfully.

a)Topograbhieal conditions: This survey was carried out at a topographically
favorable sile with little inclination, where heavy machines could easily be used.
Felling may be very difficult at a topographically severe site where a skidding trail
cannot be freely constructed.

b)Size of upper-story tree: The larger thé upper-story trce, the greater damage (o
the lower-story trec, . _

c)Technical level of the logging contractor: Because a backhoe is indispensable
for controlling the direction of fall, the contractor is required to have the appropriate
operating skill and high expertise in delermining the direction of the cenfer of gravity
for every felled tree. _ .

Data obtained from the survey's cost analysis on felling and hauling will
confribule towards estimating folling and hauling costs necesary for the development of
future multi-storied forests. The values for lébor'produclivity on initial felling and
hauling in the do.'velopm.ent- of such forests were estimated at 2.24:113!p0rson-day, and
2.85m3f persoil-day, and 3.86m¥ person-day for the two-, four-, and eight-row felling
areas, respectively. The eight-row area was 1.7 times higher than the twe-row area.
However, these values must be discounted to some degree because the skidding
distance in the lwo-row arca was twice the distance of the eight-row area. Nevertheless,
if it is taken inlo account that the wailing time per felling or hauling, observed in a
time series, for the {two-row drea was at;ound' twice as Iong'aé the eight-row area, it can
be judged that’ differences in the number of rows have a greal offect on labor
productivity, unless the skidding distance is extremely long.

The cost of felling and hauling in the survey was estimated at RM120.97/m® in
total, Of this amount, the cost &f fellling, trimming and bucking was RM30.17/m3,
yarding RM!S.EO!ms(RM%hn? estimated at 200m diatance), and transporlation
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RM71.60/m3. Consequently, log trans’poxtatidn_alone accounted for 60% of the total. In
- this situation, manual loading increased personnel cost. If loading is mechanized, the
cost will decrease. The results of this analysis was almost similar to the estimates

presented by the logging contractor.

Experimental study of planting seedlings was carried out from 26th Decmber
1995 to 30th December 1995 by time study at Chikus projeet site. The survey was
carried out to fulfill the objective of analysis of labor productivity of initial planting
seedlings at A-lype, B-type, C-type and D-type of multi-storied forest in Acacia
mangium plantation. The results of the study are shown in Table-F18(refer to
photograph-F4). According to the result, labor productivity on the plénting operation
were estimated at 14.09Hr/ha, 10.66Hr/ha, 10.13Hr/ha and 11.33Hr/ha for A-tpye, B-
type, C-lype and D-type.

1.1.4.1.3 Discussion and recommendation
The result of the trial upper-story tree felling and hauling techniques were
mentioned in the head of “1.1.4.1.2 Cost analysis in silviculture work”. Not only have
‘the technical conditions to be cleared(mentioned in the head of “1.1.4.1.2"), but also the
techniques is costly. Therefore, these technigues will not be used on a commercial basis
of the felling. Upper-story tree felling is recommended without using a heavy machine
“such as a backhoe, with using chain-saw only. : |
~ When upper;stpry tree fellin’g is carried out with chian-saw only, the .fei:liﬁg
~ methods are the points to be ;specially‘considcred. That is to say, it is important which
row ofilp'per-story tree will be felled ﬁrsé. If we fell the middte of rows at first and then
the edge of rows last, damage rate to the lower trees are assumued less serious at C-
type and D-type at Chikus project site Block-B. At that time, cost analysis of the felling
method is required.
Data obtained by the study of planting seedlings has a tendency, that is, the
wider planting étrip is, the better the labor produbtivity(output_ per day). After this,
output per day of other silviculture work, weeding, ¢limber cutting, pruningGf

necessary) and upper-story felling on large scale should be surveyed.
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1.1.42 Income analysis
1.1.4.2.1 Yield prediction

Yield volume of final felling and thinning werc estimated on the management
models based on produced cmpirical yield table experimentally and supposed damage
rate to lower trees at upper-story tree felling. Ewmpivical yicld table of Shorea species
and Acacia mangiom were produced experinientally by Short-term  Expert,
Dr. MATSUMURA. Some estimations for yiéld prediction model were obtained theough
the existing data and our investigation data.

Materials for definition of the growth function are shown in Table-F19. Based on
the estimations, the basic yield tables for Acacia mangium and Shorea species were
cons{ructed. The yicld tables are shown in Table-F20 and Table-F21. The voluime was
calculated by using cxpressions as follows:-

-for Acacia mangium, _
V=0.000315*D"1.64738*1{B*0.80931(m¥)(by Wan Razali Wan Mohd.1989)
-for Sherea species, :
V=0.000109*D"‘l.87642*[113"‘0.94310’?(n13)(by T.M.B.Abell 1989) _

The yicld table for Acacia mangium shown in Table-¥20 was produced by Dr,
MATSUMURA at September of 1996. However the cost/income for establishment of
* MSF in this report were estimated by using the yield table shown in Table-F22 which
was produced in 1995

l 1.4.2.2 Timber price prediction ‘ .

Shoreca leprosula and Shorea parwfoha are assumed as planting speci¢s in the
produced management models. These species belong to classification of the Light Red
Meranti. Trend of average domestic price of log from December 1992 to April 1996,
delivered at the mill, RM per m3, in Peninsular Malaysia are shown in Figure-F3. This
average price(RM517/m?®) was supposed as timber price in the produced management
- models. Timber price of thinnings was Supposed at half of Ninal felling umber

Acaia mangmm timber was estimated to covor the range of uses of local species,
the Light Red Meranti, which is the most 1mportant general-utility timber in
Peninsular Malaysia, *(*source:"Brief Notes on the Compensatory Forest Planiation
Pfoject it Peninsular Malaysia®) However, heart rot probem of Acacia niangium is not
solved clearly and accordingly timber price(RM100/m?) was supposed at half of the
‘Other Light Hardwood. |
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1.1.4.2.3 Discussion and recommendation

Prediction of growth volume of Acacia mangium and Shorea speeies were fried in
1995. The use of this empirical yield table have made possibie easy predictions for yield
volume of final felling a:id thinning. Howéver, it is_as‘suﬁled that the volume of Acacia
mangimﬁ are unideresiiniated, the volume of Shorea, species ave overestimated, because
efféctive data are not ehongh.=Therefore,' further investigations should be required.
Iispecially, data from meore than 10-year old stand of Acacia mangium'sho-uld be
rbquired. _ _ |

Profit of the management models is great.ly influenced by timber price of planted
hrigh quality timber species such as Shorea species and Acacia mangium. Especially,
Acacia mangium is expected to be not only shade tree but also interim revenue. At
presnt, the market price of Acacia mangium timber does ot exist clearly. Because
Acacia maﬁgium stands in Peninsular Malaysia are still at a young stage. Market price
of Acacia mangium t_imber' should be surveyed at Acacia mangium plantations in

Peninsular Malaysia during the Follow-up phase. -
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Table-F14 Establishment cost of multi-storied forest at 3-year old Acacia mangium

planlation at Chikus projoét site Mock-B

Precondition

Unit cost(RM)

Specics of upper-story felled:Acacia maginm 3-year old
(DBH14cm. H13m.)
Scedlings planted:000secdlings/ha
Remaining (rees:7661rees/ha

“{Upper-story lices felled:382i recsiha

3.5/tice

Treo lenglh skidding distance:200m

2.00tee

1.00scedling

Site preparation(spol weeding): 1m diame[er(SSQsoedIinf;s!ha)

Secdling cost(Specics:Shorca leprosula)

2 2seedling

Seedling loading and transportion(from JICA Chikus nursery
to Bleck I3}

1.04scedling

Planting , 0.85/scedling
(Weeding:Line weeding with 1m width O0.A/scedling

Notes:1. Fhe estimaled unit cost is based on 1902 plantlalion contracis.

2. These costs are applicable {o 1he management models(B-type,C-iypd and D-

typo) at Chikus project site Wock-13.

Tabte-F15 Establishment cost of Acacia mangium plantation

Items :Eslimaled cost,
| A)Establishment
1)Sito preparation RM700/ha
2)Soedlings M 160/ha
3)Planting RM180/ha
Dlfirst trealmeixt@lashing and form pruaing) UM ll()fba B
| B)Road construction and mainlenance RM100/ha
BYSilvicullure
| DTrcatment 1 {glaghing and first pruning) RM170/ha _
2) Trealment 2 (slashing high pruning and first thinning . RM300/ha
3) Treatment 3 (Se.mnd thinning) ’M270/ha
1) Treatment 4 (Final thinning) RM310/ha
C)elling and Bxlrac‘iion .
1) Felling and bucking H{MB.61/m?
Dllauling MO 10/ m?
NTransporting I{M-‘}.ﬁﬂlmi‘

Notes:1. Source:Forest plantation Unit, Forestry Department Peninsular Mataysia

* 2. Theso cosls are applicable to the management models(B-type,C-type and D-

type) at Chikus prioject site Block-13.
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Table-F16 Establishment cost of multi-storied forest at togged-over forest at Bukit

Kinta project site

Actual area of Block-D:1.03ha
Planted seedlings:Shorea parvifolia
Planted number of seedlings:800seedlings/1.03ha

{supposed lo buy af private nursery)

Operation Estimated cost - [Basis of estimate °
Site preparalion : 7,000RM{1.03ha
(Slashing and clearing wild banana and fern) : =
To catry seedlings 800RM/1.03ha | RM1.0/scedling
{(JICA Nursery—+B.Kinla F.R)
Planting 680RM/1.03ha | RM1.0/scedling
Scedlings 1,760RM/1.03ha | RM2.2/scedling

{Spot weeding included climber culling)

Treatment 2,472RM/1.03ha [RMGOO/Ma*4times!

year

Notes:1. The estimated unit cost is based on 1894 plantation centracts,

2, These costs arc applicable to the resull of establishment costs of Block-I> at

Bkuit Kinta projcet site.

;' Table-F17 Eslalﬂishment cost of multi-storied forest at secondary forest at Chikus

project site Block-A

Operalion

Unit cost

A)Sile preparation

1Culling and slaghing

RM1,600/Mha

2't'o clonn the planting sites

“HM 1,600/

© |)Planting .
1)o transporl seedlings (JICA Nurscry—*Chikus' Bloek-A ' ItMO.:}fsecil_ling
2To plant seedlings , R:M l.Ofﬁe'ediirig :
C)Scedlings(supposed to buy Shorea spp. at privaté nursery) RM2. 2fscedling

D)Trestment:Line weeding with 1m width

EMO.A/secdling

Notes:1. The estimated unit cost is based on 1994 plantation contracts.

2. These costs are applicablé o the management modelé{l*‘-typc.G-type and H-

type) at Chikus project site Block-A. -
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A(A):Acacia mangium
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Figure-F2  Tree location in experimental plot(Chikus site Block-B,1992 plot A-lype,

Upper-story tree:Acacia mangium planted in November, 1992

Lower-story tree:Shorea leprosula planted in Oétober,1992)

Note:Number of Acacia mangium means numerical values of felling order.
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2 pA
ot

Photograph-I¥ 1:Felling upper-story tree : Photograph-F2:The whole view

" (Acacia mangium)by heavy machine’ : : . of the operation

Photograph-F3:Process analysis by time study
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Table-F18  Labor productivity of planting scedlings at Chikus praject site -

Operation A-type B-type C-type D-Lype
Planting hole digging 341 Hriha 2.93Mr/ha 3.85Hrtha 2.65Hr/ha
- RM17.05Mha | RM14.65/a | RM19.25Ma | 'RM13.25/Ma
Planting '3.18Hrha | | 2.49HrMha | - 3.00Hr/ha | 2.04HrMha

| RM15.90/Ma | RM12.45Ma | RMi5.00/ma | RMi0.20/ha
Secdling distribution | 7.50He/a | 5.24liha. | 3.281rtha | 6.641¥r/ha
; RM37.50/a | RM26.20/ha | RMI1G.40tha | RM33.20/ha_
Total 14.001v/ha | 1066HeMma | 10.13Hefha’ | 11.33/ha
RM70.46/ha | RM53.30Ma | 1M50.65/ha

Notes: 1. The estimated cost is based en worker's wage only.

- 2. Worker's wage is based on interview at the experimental site.

" 3. Height of seedling was 47. 14cm ‘'on the average.

P

- Photograph-F4:Experimantal study for process'analysis in the field of

N A
A __“\' “ R §

4. Weight of scedling pot was 1.0kg on thé avé.ra_ge.

planting seedlings by time study

a7

RM56.65/ha




'Table-F19 Material for definition of the growth furnction

Species

Used data for parameter

Referenced data for model validation

Acacig mangium

eslimation of growth function
1.Kemasul F.R /Pahang
(Ahmad Zuhaidi Yahya 1990)

" [2.Kemasul F.R./Pahang

(B.K.Paudyal 1390)
3.Ulu Sedili F.R./Johor
(E_Panitz 1992)
4 Kemasul F.R./Pahang
(Ahmad Zuhaidi Yahya 1993)
b.Chikus F.R./Perak
(JICA 1994)

1.SAFODA/Sabah
- (M.Inose 1991) _
2 Benakat/Sumatra/INDONESIA
(S.Sakurai 1994)

Shorea species

1 Bukit Tapah F.R./Perak
(H.T.Tang 1980)

2.Bukit Tapah F.R./Perak
(Azman Hassan 1990)

3.Sungai Buloh F.R./Selangor
{L.IL.Ang 1991)

4.Bukit Tapah F.R./Perak
(S.Appanah 1993)

6. FRIM/KI,
(8.Appanah 1993)

6.Bukit Lagong F.R./Sclangor

(Ahmad Zuhaidi Yahya 1994)

1.BogorfJava/INDONESIA
(5.Sakurai 1992)

2 Maquiling/PHILIPPINES
(5.Sakurai 1994)

3.Keledang Saiong F.R./Perak
(JICA 1895)

Note:1. SAFODA:Sabah Forestry Development Authority

2. F.R.:Forest Resgerve
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Tabte-F20  Merchantable volume of Acacia mangium

Age H up | ppu N GF v Sr
((years) {m) {m) (cm) { fha) (m?ha) {m%ha) (%)
i 4.2 2.3 7.1 814 3 10 83.5
2 9.0 438 9.6 736 5 98 | 410
3 12.7 9.4 12.0 666 8 60 30.6
4 16.6 10.5 142 603 10 77 26.1
b 179 11.3 16.2 545 1 91 23.9
6 19.7 11.9 18.1 493 13 102 22.9
7 21.1 12.4 19.8 446 14 109 22.4
8 22.2 12.8 214 403 14 114 22.4
9 23.0 131 {229 365 15 117 22.8
10 23.7 133 | 24.2 330 15 117 23.2
11 24.2 13.6 25.5 299 15 116 23.9
12 24.6 13.6 26.7 270 15 113 24.7
13 24.9 138 | 278 244 (5 110 25.7
it 26.2 i3.9 28.8 221 14 106 26.7
15 25.3 13.9 29,7 200 14 101 27.9
16 25.5 14.0 30.5 181 13 96 29.1
17, | 256 14.0 313 | 164 18 | %0 | 305
15 | 257 40 | 821 | 18 32 85 | 320
19 258 | 141 327 | 1. | un | 79 [ 335
20 25.8 14,1 33.4 121 . 1 4 35.2
Nﬁles:H:Tree Height
H13:Clear bole height

DBH:Diameter at breast height

N:Number of stems per hectare

GI:Basal arca per hectare

V:Merchantable volume per hectare

Sr:Spacing index=100{sgqe (N)/H1
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Table-¥21 - Merchantable volume of Shorea'spec.ies

Age H HB DBl N GF \% Sr
((years)l (m) {m) {cin) (/ha) {m?%ha) (m3ha) (%)
5 3.4 1.8 5.6 450 1.1 2 | 13865
10 1.2 62 12.4 450 5.4 31 | 42.00
15 17.5 9.7 18.6 150 12.2 101 26.94
20 226 12.6 24.5 362 16.6 169 23.58
25 | 2.8 14.9 29.9 254 17.8 208 | 23.41
30 30.2 16.8 35.0 197 19.0 243 23.59
35 32.9 18.3 39.7 160 19.8 271 24.03
40 36.2 19.6 44.1 135 20.6 297 24.46
45 37.0 206 | 48.2 117 21.3 318 | 24.99
50 38.4 21 .4 52.0 103 21.9 336 25.66
55 39.6 22.1 55.6 93 22.6 353 | 26.19
60 - 40.6 22.6 £8.9 84 22.9 363 26.87
65 41.4 231 | 620 78 23.5 379 | 27.35
70 42.0 23.4 - 64.9 72 23.8 386 28.06
75 42.5 23.7 67.6 67 24.0 392 | 2875
80 429 23.9 70.1 63 243 398 29.37

Notes:H:Tree Height
~ HB:Clear bole height .
DRH:Diameter at breast hi!ighi

N:Number of stems per hectare

GF:Basal area per hectare

V:Merchantable volume 'pé..r hectare
Sr:Spacing index=100/sqr{N)/T]
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Table-F22 Merchantable volume of Acacia mangium

Age H uB | npnu N GF . v s |
(years)|  (m) ™ | (em) (/ha) | (m%ha) | Gdha) [ (%)
1 2.8 1.5 S 65 ] 1,306 3.1 g8 | 9883 |
2 7.4 4.0 8.8 1,112 G.9 32 39.99
3 1.3 6.2 11.6 1,058 11.0 64 27.21
4 14.7 8.1 13.8 1,005 15.0 100 | 21.46
5 i7.6 9.8 15.7 968 18.7 137 18.26
6 20.1 11.2 17.3 942 22.1 173 16.21
7 223 12.4 18.7 921 25.3 207 14.78
8 24.2 13.4 19.8 906 27.9 237 | 1373
9 25.8 14.3 20.7 895 30.1 264 i2.96
10 27.2 | 150, | 216 8gs | 821 | 280 | 1236
11 28.4 i5.8 22.2 8717 33.9 312 .| 11.89
12 295 | 164 22.7 872" | 353 331 | 11.18
13 30.4 169 | 232 866 36.6 349 | 1118
14 31.1 173 | 236 862 | 377 363 | 1095
15 | 318 | 177 | 239, | 88 | 385 376 | 10.73
16 32.4 180 | 242 856 39.4 387 | 1055
AR, 32.9 183 | 214, 854 39.9 o397 | 1040
18 | 333 | 185 | 246 | 82 | 465 [ ‘dod | 029
19 | 337 | 188 | 247 851 | 108 nz | 1007
| 20 34.0 18.9 24.9 819 | 413 ng | 1009 |

' Notes_:ll:’l‘ree Height

I{B:Clear bele height

'DRIT:Diameter at breast height

N:Number of stems per heclare
GIF:Basal aréa per hectsdre
V:Merchantable volunmie per hectlare
Sr:Spacing index=100/sqr(N)/11
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1.2 Others
1.2.1 Forest Road
It was planned to convert pre-existing roads in the Chikus and Bukit Kinta
areas into allsveather roads. Most work roads and firehreak had to be newly
consiructed. Although it was initially planned to dircetly supervise the construction
roads, partly because of requests from the Malaysian gdvernmcn’t, however, it was
decided to contract out the construction work except for gravelling and simple repairs.
Construction and maintenance of roads have been carried out in order to
contribute silviculture and nursery work. Therefore, cost analysis for roads is not
applicd directly to the case studies of the multi-storied management models. Result of
construction and mainfenance of forest road and operation road are shown in Table-
F23. Table-F24 shows summary of costs for road consiruction in the initial slage.of the

project{refer to photograph-¥5~F6).

1.2.2 Forest Machiner_y

M_aihtcnancc of machinery have been carried out in order to contribuie
silviculfure, nursery woi'k and road maintenance. Although it was initially planned to
directly supervise the construction roads and silviculture work, partly because of
requiests froin the Malaysian government, however, it was decided to contract out the
.construction work and silviculture work except for gravelling and simple repairs of
roads. Therefore, cost analysis for forest machinery is not applied to the case Stu:dics.of
the multi-storied forest management models. _

The maintenance of machinery is supervised by experts at the Iocatmns of
delivery. Local staffs who use the vehicles most frequently have been appointed as the '
main operators of their respective vehicles, ‘and are directly carrying out the
maintenance of vehicles under the guideline(refer to Table-F26) and supervisibn of the
appropriate experts. To use machineries effectively and maintained well. Table-F26

shows the operation record of vehicles and machinery.
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Table-F23 Result of Construction and Maintenance of Forest Road and Firebreak

Plio | - Ttems Year| 1902 { 1993 1094 1995 | 199 Total
Chikus  |Trunk road ] 8050 N - - 8050
®w| 13530500 -~ - - —~ 135,305.00
|Operation road | {m) - — 8,489. . - 8,489
®@y| - - 337,854.00] . - ~ | 337:85100
. IFirebreak (m){ 10852 - 13,900 - 3800 | 28,652
®M)| 8953000 1251000 — 7,045.00 | 100,085.00
Bridge () 18 —~ ~ - - 18
| @M{ 7657000 - - - - 76,570.00
| Maintenance ofroad  (m) — | 263 | 6900 10,450 —~ 20,075
| (6,000) (6,000)
@] - 3765124 ss5se00| 13101514 — | 25898008
(55,458.74) (55,458.74)
Bukit Kinta [Trunk road | 2616 - —~ -- - 2616
@) 8312000) - -~ - - 58,180.00
Operation road (] - - 1,000 - - 1,000 -
@l - - 8123800 - - $1,238.00
Fircbreak m| - - - - -l -
@y - - - - - -
Bridge o) 14 - - — - 1
®n 1746000] - - - — | 4746000
Maintenanoe of road  (m) - 1,150 12,600 11,023 - 24,778
Y - 1997320 306.003.40| 11557066 . — | 53151736
| 430340 @706 —  |a17.01406)
Maintenance of bridge  (m) 13 a3 14 14 ~ 54
' {13)
- (RM)| 7086700 (53562.15)] 20,00000| 21,1746 17454661
e (63,662.15)
Total @®M)| 507.912.00| 111,18959] 943,15940| 270,732:85| 7,045.00 |1,810,06885
(53,562.15)] (74303.40)| (98,169.40) (226,031.95)

Note:1.The result of the construction and maintenance works were completed by the local

contractors.

2.

) indicates expenditures by State Forestey Department Perak..

3. Total cost includes expenditures by State Forestry Department Perak.
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Photograph-F6:Forest road maintenance by a contractor

426



Table-F25 Changing Chart for Oil and Filtres

ftems Distance(km)
Engine oil Every 5,000
Engine oil filter Bvery 20,000
Fuel filter Bvery 25,000
Transmission gear oil Every 50,000
Bifferaitial gear oil Every 50,000 -

Table-F26 Operation record of Vehicle and Machinery

No. |ltems Regisl ratior \\:(orking days Travel distance | Fuel consumption Supervision
: (Working rate:%) | inkm(hr) o
_ 1952 | - 1993 | 1992 | 1953 1992 1993

1 |Pajero ACC-1156 177¢65.1)_|124041.5) 22.7&9 22,061 | 2,435 2113 |Forestry Depanmenﬁ
2 - |Pajero. ACC-4157 - 1243(89.3) |285(95.9)] 26,250 31,628 | 2008 | 2,99 Nurser_\,'.

3 [Pajero ACC-4158 20!(75.0) 281(94.0)] 24,336 | 24,185 | 2,121 . ’2,3861 Nursery

4 LiteAce ACC-E)GO? 190(84.4) |224(74.9)] 10,573 { 20,048 i,ms 1,977 |Ipoh Office

5 |landeruiser [ACC-9603 |179(78.2) |250(33.6)] 19,379 29,130 | 1,723 2,641 |Forest Road

6 [Hudux acc6677_|1800.0) [202007.7)] 10,709 | 15,416 | 1,006 | 1901 |Nursery

7 |rorkiin  |weswias | 263 | sea20) o) (42.()) 40 - Nursery

Bobcat ACE-1418 :3(3.1) 206.7) | (40 |- (28.{)) c40 ) - INurseiy
Excavator - |ACE-2035 | 625.0) [120010.10] (35.0) 339.0) | 180 | 2,216 . [Forest Road

10 |practor - |ace-e170 | 25209 | se090.m| @o.or | (9s.0) w | 150 Nursery ]
A |Landeruiser |acramn 67004.9) l21902.6)] 6,324 '19,473 661 | 2,093 ISitvieutture
12__|Cargo Truck |ACF-3827 | 92(3.3) l104(34.8) st | 11,767 56 | 1,828 |Nursery

13 |Motor Grader|ACF-5134 = s9u6.4| - @0l - 170_|Forest Road

14_ |Pajero |ACG 670 lé(&(i.O) 283 - 469 | 24,509 "'35 2,58! Silviculture -

15 |Pajero accs9s’ | 1019 [asrey| 717 | 18210 | im0 | 1780 |sivicubivee

16 |Micro Bus J.cu.ziss - heooy] - 1 easr| - 1,'313 Nursery

17_ |Motor Bike _|ACH-95871 - ssas) — | 23| - 139 |Forestry Departmeit_| -
15 - |Motor Bike lACii-oms - nag § ¢ 53|~ 35 Pd:es'_t Road

19 |Dump Truck ACK-7318 - 2(8.0) - - 88 - $0  |Ferest Road

20 |Dump Truck ACL-120 - 28(40.0)] - 2,971 - 1,060 |Forest Road

21 . JCargo Truck ACL%S(S - - = - - —. |Nursery
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No. Working days Travel distance in km(hr) Fuel consumption © Bateof
(Working rate:%) 0 registrﬁtion

1994 1995 Total 1994 | 1995 |  Total | 1924 1993 - Total

1 - |106(35.8) 92(3:.2) 168(10.9) | 18,524 § 14,704 | 78008 | 1,920 | 1572 3,316 15 May 1992 .

2 1280(91.6) [269(91.9) [3,077092.7) | 37,335 | 22990 [118,203 4,080 2L2ﬁ 11,352 15.May 1992

3 304(102.7) 2-39(98f0)' 1,073(92.8)' 26,015 | 21,365 | 95,001 | 2,666 | 2,175 9,348 is.i\.!ay 1992

1 170(57.4) 1202(68.5) | 786(70.5) 1.0,87'0' 12,855 51,316 § 1,112 | 1,381 5515 {29.Junc 1992

5 223(35.3) {250(84.7) | 002¢80.9) | 26,304 | 21,545 | 96,308 | 2,871 2,538] 9,773 |29.June 1992

6 319(107.8)/314(106.4)]1,105(95.1) | 19,491 18.6337 64,282 | 2,500 | 1.941] 7,478 |20 Tune 1992

7 55(17.9) 1180103y | 210023.03| 3.0 | o1 (‘2‘08.5) 30 _220’ 290 _[13.July 1992

8 55(18.6) | 43(14.6) 12:(i2.3) (63.@ (39.5) | (3950 155 64 259 |1.0ctober 1992
108(36.5) |111037.6) | 3450317 (375.0) | (381.0) 1(1,320.0)] 1,140 | 1,130] 4,726 |5 October 1992

i0 69(23.3) | 95(322) | 248(24.6) | (69.3) | 6.1 | 2900 356] 416] 962 |8 November '1992'

10 1267%(90.2) |257(87.1) | 808(81.1) | 27,302 | 20,208 | 73,307 | 3332 | 2,429| 8518 129 December 1592

12 1 66(22.3) | 53(18.0) | 225(24.6)1 3.416 | 1,330 16,574: 635 | 204] 2813 130.December 1992

13 53(19.6) | 8127.5) | 183(21.1) (166.6) (274.0) | (535.0) |~ 584 1,216} 2270 8.January 1993

14 |245(82.8) [267(00.5) | 818(39.5) -2-1,748 21,599 | 71,325 | 2,602 | 2,176] 7,400 |16.Fcbruary 1593

15 |275(939) |274(029) | 780(85.3) | 22512 | 19,917 6.1,476 2,653 | 2425] 6,038 |18.February 1293

16 |205(0.7) [29399.3) | 7480089 | 10371 9,026 2;‘.,1&3 2,052 | 1,692 5.086 24 Junc 1993

17 j126(42.6) 129(43.')"; 308(37.8)] 4200 { 4418 | o8| 212| 224 575 |7.July 1993

18 '155(52.4) 190(64.4) | 356(43.7) 10,53'9'_ 15,174 | 26,466 1',00_2 329 | 1,366 [9.July léoa

19 1135(45.6) 78026.1) | 215033.9)| 9953 | 3860 | 13503 2;53:1 1,030) 3,651 |19 November 1893

20 |181(s5.4) 138(46.8) | 330{49.9)| 9,818 | 6,624 ) 19,413 | 3,103 1,95% 6,120, |10.Dccomber 1993

21 73247 | 5108.3) 127{22.4) 8914 | 5686 | 14,600 § 2060 ]| 1,119] 3,139 [31.March 1993

Note:1.The working rate is calculated with the following etilt:ilion.

Days utilized/scheduled days ulilized(the total nuniber of days in month minus

Sundays and. holidays)

2.The year means the fiscal yéar(from April to.March}.
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