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The purpose of this study was to predict the amounts of carbon sequestered in
the Article 3.3 forests under the Kyoto Protocol during the first commitment
period on a national scale. The land use change from forests to other land
covers and uses was regarded as the Afforestation and Reforestation (AR)

129



130 JAHE B

activities, and the contrary land use change was regarded as the Deforestation
(D) activities. The areas of AR and D activities from 1976 to 1995 were
identified using the national statistics. Furthermore, the time series changes
in the areas were extrapolated from 1995 to 2012, the end of the first
commitment period, using the power series and logarithmic functions fitted to
the observed AR and D areas, respectively. Then the age class distributions
of cumulative AR areas at 2008 and 2013 and cumulative D area from 2008 to
2012 were identified, which were converted to the amounts of carbon stock
by multiplying them by stem volumes, biomass expansion factors, wood
density and carbon content. By the stock change method, the amounts of
carbon sequestration in the Article 3.3 forests during the first commitment
period was calculated as the carbon stock in cumulative AR forest at 2013
minus the carbon stock in cumulative AR forest at 2008 minus the carbon
stock in cumulative D forest from 2008 to 2012. As a result, the Article 3.3
forests would sequester approximately 3.81 million t-C during the first
commitment period (= 0.76 million t-C/yr).

Keywords: afforestation and reforestation (AR), Article 3.3 of Kyoto protocol, carbon
sequestration, deforestation (D), first commitment period
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AR E I LAV EABRARRIIRIE, 3 & 3 T, T2 5 1990FLIED
FHIFERR (A) - TFHERR (R) - FRARI (D) &, 3 55 3 TEA, T78b 519904 LI
IHRHRE (FM) DTN 678 5. 3 4 4 EHIC L 5 WRILRIT2008~
DREOCE-HFMBIC, ~ 772 /5BIcES%, 3 &3 HokHE2MES
BT RE+1,3005t-C/AEE TROH BN TE Y, FeSE T 3 & 4 HHBEEH
PRI & 72 D Z b, ZAVETIE 3 & 4 EHROBERESE Z TORIY
F/OFHRICBET 2 AR A% 2 &N TE = (J= & 2 EHiroshima 2004,
Nakajima and Hiroshima 2005, 418 52006). —77, 3 4 3 SIS\ T, FHF
LD E OB L IERKOB O EHFIAZE(IL, #E, SHRKEFHD0.1%12
BRI E D (B4 2005), = Z TOWIS/HEH IS E O RFINE
EEPLANITIENTSHS. F3 LEEFLH D, 3 £ 3E MKV TIL,
Fe LTUHEESEFAWLEEREICETAIHRBED SN TWAEDR (2&
Z VXSRS 2002, FEE 2005, Lee et al. 2005), % Z TOWRINR/HEH B O EHRT
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N E TEEAOAATERIGE IR A Bz, € 2 TR THEs — /R Ic B
A 3L&JIERORERNELZE LAV TRETHIZLZEANLET 5.

2. Kk

FEFTIC LA, 3 45 3 TEOHRAEMN (Afforestation, BL FA) 1, 20124E72 &
W TR FESOERFIRA 2 5> > T LI~ 19905 LLBE DIEHR, T72405, 1962
~19894F (D12A31H) F THEHMHTH oz LD 5 1990F LLIEOFRFR~D
LN & EFE SN, RS (Reforestation, L FR) X, 19904ELIE—E § #f#K T2
Mo i hi~OHEN, Tib 5, BESOFELLPICHID & IERAE~IEHED
1990 LIEDHIA~DFHIEA L EFEIND. D &b, BE—HsEM ok
WIS B2 55 5 £ TiXA EROIEENE KRIF 2 L BT WO T, KR TEm
FE R LTAREMERZ 22§ 5. 972 H19904ELIED MO THIF A A5
FRAR~OE AN E AR & /e 72 Fiisid (Deforestation, EL FD) 13, 1990
ELBFEOFARDP MO EHFIA~DOEH L ERIND.

AR TIE, TN HAR - DAROEFTIFEEE I, @AW TERD
DRAFRNEEBOLEFHFETS. 2, FEMICZAHAR - DI 5E
A CEHRBRATHROATEE 5 LRETS. ZOREN, #ITAR - DHROIR
BEMBICRET DBCR AR RINERBATHRICBES D Z LICLD
LOTH L. ARMILERE B, AT E 27 LTHERWD, DRRIERET
KRH a4, —RIIRHERE D Ao R RFERRIIRE VI L5,
DA EH3ET 2 RFHEHEIL, AFMOFE CIHETFRKICE L& 5 gk
Bdd.

2.1. FHEHERHC L AIBEDAR - DREHOHEE

WEODHERL, BT (1976~1994) OE+HEHERICRT 5 17, 1H1F)
FAOFEHE — 2)FI s — O - S o) 01976~ 1994F £ [EF Ofia
HER D BHEE L. DIRICESE T 5 L OIEEED, SRR R, Fig: il
B MR (R, TR, AJtRM, 2y —hEsR A, FooFRn
THIFR) - BARERY THRIE (BRI - T oM, OBFEMETH LS. EL, Z
OEROEFTEEICH D L 21T, A5 OEMRICIE | ha RO DITEE
nTniny, BRCIIEREARORES L 5 EMREORT Y E 2 T,
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1 haRimDEEHTER CTE WL EZ BN DH720, BlE, | haRBD LD ET
& TR STz, ARETTAEEEEH R oo B E IR E (1990~
1994F 2 EFH D TROE M : BRAMA - L Py —fik A~ - 250y
B~ - 8RB AN - 20 ORFHEMESEIC L. ZOWRETEE
X, DHOEFEE LTEETIICED LEZLENDN, EERAFAETS
272 OIE1990~94FEDHIMICIRE 5 723, fFEizH - 2D E R O
BICHWD Z LI TERW. ZZTIOBHODHER L, EEHFHERH»H
A LRI OB ER & O ODHMIEREZ K. T7hbb, fE
FREE=(1990~ 19944F D AREFIT N EE & EHD AR FE/A1990~ 19944F o [ -+t 52k
HEHER). FHEOFER, WERKOMEIXIIEARY, ZOMIZFHICEST
—ETHD LIRET S, TibbETMC, HLRFERTD1976~19944E Dlix
HEMZ 15T LIck WDHEREHEET 5.

8 EDOARME L, FREFT (2005) DHER S BEIRRFIT L v 1976, 1981,
1984, 1986, 1990, 1995 F S D FRMEFEEF OB & 5 2 B oz L,
ZOMOBHERO G EY, TOMOERTHRT 2 Z LiIc L W ETNICE
AEFZ RS (0 FE1 SR O R E =R S 0 R EE+Z OB o8
A — % OB OWHERE), Z Omfi# k& RS, HRIFFPEE ke Rk
FAOHEBOEHBIFHRTE (1990~ 19945F2FE) O MH oSy, B L - 2
BEN G - ZOMIOGFHEMTHET 5 Z &I X 0 H#EE L-(WERE2.0).
2.2. fF3EDAR - DFEFHD FHI

Z 9 LTHERE L721976~944E MAR - DAREFEIC, BBlEEZ ALK LT3
EYZ2AREBEOR/ N ZRETYHTIEDBEZ LITLY, 1995~2012F0
AR - DR Z ST 5.

19904F LARE DI ABRST 158 —HIR IR T £ TR E WL IRET B &
200847 HH OBk ARFR AT TR IE, 1 H#ikAS2003 ~20074F D AR @IS
at, FERIC 2 Eifldi1998~20024F, 3 #isik 231993~ 19974E, 4 ik 431990~1992
EOARKERAEFHE LTRE S, 2035 Y HOFRIARMEMERIT 1 @
432008 ~2012F DARMEFESFE & 72 0, 2 Wk LA 120084 85 o i B
WRZOEEMED BN D, FBE R R OMmEFIDHEHAEHT, 2008~
20124E ODAMRE A, 1997TFEEELRRENOFES X OIHSICE+ 5 B8
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ORBELIOT I BTFANC X 52008~20124 0 2 [F A T Ak mdk 5 D05 &6
GEAEARFTETZES 1997) (CIeFEy L CTETMICRD S, 2B E TS, Z
DT S HFENC L DFE-FRYE O N TH E LRI, #948,000ha/4E,
1,500 5m*/4E & 72 0, BES ORERF L L TR YR FHEBE VWA LS.

2.3, BB L 5 RBRIROFH A

IPCC (2003) {21F, RAIORBFBMRBEOFHGEL LT, T 740 bEEE
FE(LEO2OMET BTV B8, 147K (2005) I2XhiE, A EO L Hi1T#k
HEERNRREOEMBER L LTHAT 2HE6I0, REOEMEES
BRTAZEPEETHD. ZOHBAOEHT D RFEWILELT, 2 FARMDR
FEHBOEZTOBOMBKTHRLZLO L LTHEShA.

F72IPCC (2003) TiE, IR IT BRFET— L LT, B EH A F= R,
HWFE A Fw R, FhIER, U2 —, TEAERYO 5 >2ZET5H 2 LHKD
LIL TV 5. A TILAR - DARIZEBWT, EFE® 5 B EER - 1 FEE <4 A
v ADLEER L, MARORERZ WIS, ERICE 5 5ERELZHRICERE
NATbTE LY F—DO—HThH DRSO KREM TR IC A 7
F 5.

LERARM - DO AR D b B - TS A~ 2O RFEZH
BERDDHIZH, T OSBRI, 24 2001) O2E AN THEEEY
ZH G, (m’/ha),

[1] G, =391.7¢ 3% ™ R*=0.998,

(7272 L i W1 iik=5%F))

& En R S RERIE KRB,

100

(2] 5= 90.748(1-0.37487¢ ") -
ELIZIEAMIENY F7 v 7 (HRERRYE 1982) O ER FHRBEEE
/=038 (tm’), IPCC (2003) DIRFEHFE C=0502FTNFNFELD. ZH5LT
D20085F HFRTHARK, @2013F L FRATHARM, @2008~2012FEFDIH D
REZEFHELY RO 0, F—HRHEIM O 3 45 3 HEHRHEER - HFE o

F7 ADRBRNETIO-—DO—QLid. Tibb,
13] CS = pCY" G.B,( ARA2013, - ARA2008, - DA,

, (R ABA),
20.0
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(F=72L CS: F—FIEHMD 3 45 3 AR B - HUFE A A~ 2 D RFEE
S #E(C-t), ARA2008;: i 5k 20084F 4 P AR AR MR fif(ha), ARA2013; 20134F
L 41 [R] &I fi(ha), DA;: 1 G D2008~20124E & DAk i f(ha))

LRERLEE
3.1 BEDAR - DIREOHEEE

1976~ 19944FE D ARM, DAROHEERE R AT IR Lz, 1976~19944EDAR -
DARE A I W b B R 2R Lz, ARBRIZ 1970458 0 $960,000ha > &
19904E R 0#910,000haE TR E b Lizad, Z 5 LizFERmao#s
X, BF40ERE B — 2 & Lo RiEMTmE MBS 1M B85 b &
Z BN5, DIEIZ19704-R125960,000ha> 530,000ha33 = TRIMIZHD L1,
LiE % < 30,000hafii# THERE L, 1990F (I A 2 £20,000hads £ TH U L
2. ZHUTHHIBRFE DL B BRT B 28, REANCIIHEOTIRIC L 3 ERE
FOWD & FEHREESHEE - T, BHAHFHOBA & LTHRAE L O LR

#1. ®EDAR - DIREFEOHEEM

£ AR#(ha) D#k(ha)

1976 61,880 59,670
1977 61,380 39,000
1978 61,880 30,420
1979 61,880 26,000
1980 61,880 25,220
1981 40,130 25,480
1982 40,130 30,810
1983 40,130 24570
1984 25,100 31,850
1985 25,100 29,380
1986 21,900 26,650
1987 21,900 26,130
1988 21,900 29,120
1989 21,900 30,940
1990 11,640 27,950
1991 11,640 27,560
1992 11,640 29,250
1993 11,640 22,490
1994 11,640 16,380

) FROTLTOME, BHERHEE (BT 1976-1994) & &bk - #h3EH
FHENE (KET 2005) £ DR LA - IR A, RETREEEHC X
WHIE L, BEEAMBAICHELEZ O,
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EN5. DM ARKmIEZ LS X 91072572 1980FER /I, 3 4=
3 IEARIL R FEORIIRD HHEHEICER L= Z L BRI X h 5.
3.2. fFHDAR « DI EH O THIE

FEIDAR - DWRIBNC, ZTER, o, ~&F, 880 CEY 0 Bt @
BOR/NZRETY TEDIEHR, RLETIEVARPo-bOEENRE
ALLLF o~ = sy, M EAMTH -7
[4] In 4R, =n125223-0.7018In¢,  R*=0.747,

[5] D, =55445-11747Int, R*=0.706,

(7272 L 1; 1975=1, 1976=2,... & B3 I NT=FIR, AR *FEOARMIEF (ha), D, ¢
EDDIE (ha))

[4125, [51012 L 5 1995~20124E AR - DR THEIEAEIIFTR2O L 512 -7 &
B EDOHEEM & kO THIEZ S /AR - DIKEMOHERZ KR L
7=. ARME, DFR & BT, BERKEN LHEEBE» bEF A2 0 L FHHE~
L0 A0 B 19944 H> B 199512 AT THEATAHI15,000ha, £920,000ha~ & %
NEREM U 72 Ay, F O MR M & HERF L, 201248 12134910,000ha, #
13,000ha & ZHFhie ol GEOFRRIZE Y, 2 b THFROZ 4%+
SITHIET 2 Z LI TERWL OO, 20065ERi% O TRIEZ R &, AR L
DAk 2 FRE% L 7= EIE5,000hasRH T, ZAUd@) TEZE(EEONE W, IFS
OBENEOFHREHOBRLEBLG-2TVWDHLEITHS.

Z L T1990~20124E DARMA R O HEEE « FRIMED &R 7= 55— F 3
RIRT % ORI AR BB EAIIRIO X 5 1272 7. ARMERITERIE, 2008
Y )12 1349220,000ha & 72 ¥, 20134F BN I35 — AR o O ARSI A
2 ER S N T, $9270,000ha & 72 o7z, Z 2 CIZARMTE MM T =
THEREBE SRV EDEEICEES V. £ - HRYB S ODKEHEE
FHEIHI67,000ha & 72 o 7=, BRI HHIE OEENDHEFHIRIITRIO L 51T
o,
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2. IFEDAR - DA D T HMA

£ AR#k(ha) D#k(ha)
1995 14,784 19,680
1996 14,309 19,134
1997 13,869 18,611
1998 13,461 18,111
1999 13,081 17,632
2000 12,726 17,171
2001 12,393 16,728
2002 12,081 16,301
2003 11,787 15,888
2004 11,510 15,490
2005 11,248 15,105
2006 11,000 14,732
2007 10,765 14,370
2008 10,542 14,020
2009 10,330 13,679
2010 10,128 13,348
2011 9,935 13,026
2012 9,750 12,713
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E=x
1. AR - DA EFEOHEEM - THIfEOHS
(ALBITILEE k, 1976~ 19944F D AR - DR RO EL 2 [BE) &iEL)

3. BRI O RBARKIC R 1T 2 IRFLSHEHEO - DD

F=

AR Z AT H (ha) BHM BARN THEE ARsEE RFEEHIE (t-C)

il ARA2008, ARA2013, G, (m%/ha) B, o /m® c 2008 H%) 2013 4%
1 56,310 50,684 523 225 126,073 113,477
2 63,742 56,210 1745 1.99 419,673 370,744
3 66,242 63,742 41.57 1.82 0.38 0.50 952,112 916,186
4 34,920 66,242 71.74 1.7 881418 1,672,006
5 34,920 122.08 1.63 0 1,321,753

it 221,214 271,899 2,379,275 4,394,166
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F4. FEHNEYEODRKIZE T D RFEFMEHE DO DDOHEESR

Er ot I s E L = prepr = — ,
B S Tl BHR  IARR SWEE RESAE REERE

T35 B (ha) Da,tha) G (m’/ha) B o (t/m’) C (t-C)
1 0 0 5.23 225 0
2 0 0 17.45 1.99 0
3 0 0 41.57 1.82 0
4 405 112 71.74 il 2,830
5 1,572 435 122.08 1.63 16,455
6 4,781 1,322 169.02 1.58 66,960
7 10,908 3,017 213.70 1.54 188,225
8 23,362 6,461 253.07 1.51 468,185
9 37,389 10,340 285.88 148 833,974
10 47,332 13,090 312.14 147 1,139,744
11 41,614 11,509 332.56 1.46 1,058,376
12 22,892 6,331 348.10 145 605,360
13 9,021 2,495 359.75 1.44 0.38 0.50 245,282
14 8,681 2,401 368.40 1.43 240,742
15 7,634 2111 374.76 143 214,717
16 6,688 1,849 379.41 1.42 189,976
17 5,500 1,521 382.80 1.42 157,357
18 4,323 1,196 385.26 1.42 124,295
19 4,480 1,239 387.05 1.42 129,262
20 2,739 757 388.34 1.42 79,226
21 1,271 353 389.28 1.42 37,000
22 600 166 389.95 1.42 17,399
23 213 59 390.44 1.42 6,192
24 3% 15 390.79 1.41 1,605
25 26 7 391.04 1.41 766
N 241,493 66,786 5,823,929

3.3. B—HRHIFEAR - DA RFBEWR IR

BRRAMNERICBT 2 BHARKORZEMEOHEHRIFBO LD

(272 o 7z, 20084F HH] D R FHFEITA238T5¢-C, 2013 F 4 #i%i04397t-C L
FNENRED, EREEIC L 0 EBE D BRIFE &5\ 7289201 Ft-C(=#740 At
CHEYRE—HIRAIMIC 31T 2 REARM D RBERINE L 72 5.

FARICE—REHMIZ BT 2DHREHORFEMBEOHAFRIIF4OX

272 o7, DROBEEITIZ Z DRFSHBENS TOE ERFHHBELRY, £

ODLGiﬁ(‘JSSZ?J_t-C (=HI6F-CHE) Tholz. 72121, T bk~ Z 0T
BHEH L, LSO A FA~OEHRST R TATHTRE 3 LRE
LTRHELZETH Y, BEOHHER, ATHKE W EMENE 5 RAKLEE
HIZELoT, ZOTFRELY b/hE s tExLN5,

25 LTH—HIAEIR O 3 5 3 TEARHE B - HETFEL A A v A O BRI
B3] TE VS, 20134F 2 I A FRARFR D [ 32 A A — 20085 2 4] R AHARFE
D P FEE TR — 2008 ~20126F 5 3 DAR O Rk F FH R H=4,394,166 — 2,379,275 —
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5,823,929=—3,809,038 (t-C) =—761,808 (t-C/4F) & 721, #1381 5t-C (=F976 5t-
C/HF) OHFH & FRIS L7z, 19905 LIRE, Btk 6 O EAI A IR A% |k
E2TFHTT,3&3ERBRFOHER L 252 LIMHAE VW L5 BE
DA - ERHE R EEMICHE L TV D, SSHITOFEKRE I ATH
LB LTWDER LN, ZOFRHEHEL, HIEOFRHEER St DT
B5. L LI I LI AMEREREE RIAAR L LT 3 &3 HEOHEH R, #
DEORFESED FBETH B 1,3005t-CHEL b5 b izl &
EBHTHAI.

4. Bbhiz
Fm 0 A, 2008~2012F D —HIRMIFIC B T A TEEEER 3 £ 3 |

HORFZFRRBEZE L~V TFHTAZLE Tho. [ ZLDIT1976~19944E
LA DFEE R VT, fthod HF A 5 B Fpbk o~ Din A & B4R - Al
# (AR), Fethn> & o L HF]F ~OEGRHE 2 AL (D) EEhEhAai L,
BEEHEEHNC & £ 1 hasRI ORI DV TR T o N EE 2 A
WTHHIE L7z, & BIZEFEDAR - DAREFTOHERS OFH 2 FRICERT 57
W, 1 Y A B A & T TIRAEHERE 2 JME L, 1995~20124E D 4D
AR + DAREIFEZ Tl L7z, & L T19904F LLEE O 4 D ARSI A > &, 20084F
Y L U013 4 9]0 R AR O WAL E 2 R 7=, F£722008~2012
FEOGHDHEHZ, (EELHREDOFEL LOHBICETIEMO B
L1 5 BFHIZ & 52008~20124F 04 [E A THlnhk BIER A1 bl Bl 2
LT, Z oM OEHDHEROEHRELE 2 KD, Zh HAR - DO
BUCEHAY, AR, AEE, RESAEELR LT, Zh bFRHKORFEEH
BEROL. BRI O 3 4 3 EHORBBRIENRE, FREREICED,
(20134 Y4 §] AFHARM O b FEFERIAL) — (200848 4 9] ARTARM O 5 FRER )
—(2008~20124E A EDHDRFERE) & L TRD LN, HEDREE, £9381
Jit-C (=F9767t-C/H4E) DPEtE & ia~7-. Lo L Z OHEE RIS, i E o mEHE
BRO ERETHH1,3005t-CHE L LERB LT HRRTHS.

Tpd, BT, RIEE - MERREN R G HERB-60D B 2% (T TEE
=hi-.
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