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Forests, Carbon and Climate Change (J&3Z)

Werner A. Kurz, Natural Resources Canada, Canadian Forest Service, 506 West Burnside Road,

Victoria, BC, Canada, VOC 3W1, website: http://carbon.cfs.nrcan.gc.ca

Forests store large quantities of carbon (C) and exchange carbon dioxide (COz) with the
atmosphere. The net carbon balance of forests is affected by human activities (harvesting,
deforestation, afforestation), natural disturbances (fires, insects, storms) and the impacts of

climate change (temperature, precipitation, drought).

To meet the international reporting requirements of the United Nations Framework Convention
on Climate Change (UNFCCC), countries are developing tools to quantify and report the
greenhouse gas emissions and removals from agriculture, forestry and land use. Canada’s
National Forest Carbon Monitoring, Accounting and Reporting System (NFCMARS) incorporates
the Carbon Budget Model of the Canadian Forest Sector (CBM-CFS3). This model accounts for
carbon stocks and greenhouse gas emissions and removals in forest ecosystems. It is used in
Canada and internationally to quantify the carbon balance and to assess the impacts of forest

management activities.

The carbon balance of Canada’s 230 million hectares of managed forest is strongly affected by
the high interannual variability of natural disturbances and has transitioned from a sink (net
removal of greenhouse gases) in the 1990s to a source in recent years. Fires and the large-
scale outbreak of Mountain Pine Beetle in western Canada contributed to the change in carbon

balance.

The level of effort required to stabilize the future atmospheric concentration of greenhouse
gases and to limit the impacts of climate change will be strongly affected by the response of
terrestrial ecosystems and oceans to environmental changes. If forests continue to remove from
the atmosphere some of the carbon released from the burning of fossil fuels, then atmospheric
greenhouse gas concentrations will grow more slowly. But if forests become net sources in the

future, then it will be more difficult to achieve climate change mitigation goals.

Global change will affect many processes in forest ecosystems and the combined impacts
will influence the net greenhouse gas balance of forests. Changes in tree growth rates and
decomposition rates will alter the size of forest carbon pools. Predicted increases in natural
disturbances will cause higher direct emissions to the atmosphere, reduce the average age of
forests, and lower carbon stocks. Long-term changes in species composition and the geographic

distribution of forests will also affect the carbon balance, in particular during transition periods.
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Simulation models are used to estimate the relative importance of various processes to the
future net carbon balance of forests. Could increases in productivity (such as higher tree growth
rates) off-set some of the carbon losses resulting from increases in the area annually burned by
fires? Studies in Canada’s boreal forest indicate that the carbon stock reductions from a two-
fold increase in the area annually burned are likely greater than the carbon stock increases
from higher tree growth rates. Moreover, conditions that enhance tree growth are also likely to
enhance decomposition rates, which will also contribute to reductions in forest carbon stocks.
There will be large regional differences in the responses of forest ecosystems to global change

and research efforts are aimed at understanding and quantifying these responses.

While forests are expected to be affected by climate change, they can also make a contribution
to efforts aimed at slowing the rate of greenhouse gas accumulation in the atmosphere. Forest
management and the use of harvested wood products can contribute to climate mitigation
efforts in several ways. The Intergovernmental Panel on Climate Change (IPCC) identified a
large mitigation potential in the forest sector. Reducing emissions from deforestation and
degradation makes the largest contribution to that potential. Maintaining and increasing forest
area (afforestation) and increasing the carbon density of forests are opportunities to remove
carbon from the atmosphere. Greenhouse gas balances can also be improved in the long term,
through the use of wood products that store carbon and that provide services to society that
would otherwise have to be met through the use of more fossil-fuel intensive products such as
steel, concrete or plastics. Forests can also be a source of renewable biomass feedstock for the

production of bioenergy that can be used to substitute fossil fuels.

Understanding and quantifying the carbon costs and benefits of possible climate mitigation
activities in the forest sector is a requirement for the design of effective climate mitigation
portfolios. This requires a comprehensive assessment of carbon stock changes in forests and
harvested wood products, emissions and removals of carbon and non-CO, greenhouse gases,
and the effects of substitution through the use of wood products. The IPCC concluded that
“a sustainable forest management strategy aimed at maintaining or increasing forest carbon
stocks, while producing an annual sustained yield of timber, fibre or energy from the forest, will

generate the largest sustained mitigation benefit".

While forests and forest management cannot solve the problems created by fossil fuel emissions,
they can make an important contribution in a global climate mitigation strategy. Limiting the
impacts of global climate change is one important step towards maintaining the mitigation

potential of forest ecosystems.

10
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2008 FE K 0 pUAGERET S 1 AR B E o 720 HARIZ 2005 F0 S ZRIADIZIY
BEHRE LTSN, ZOBRMIINERE « Mt AT LI ARG IC D < &
MEZHEBIC LB D THD . SFIFBRICKDFEICB O TEHEMNICZITAND
Nize —HT. TOYVATLIZH L T THIROMINEZFIE - METEHEDTHD.
FERTHOBRE IR b AbE TV ARV, TREIANZEEN S OBRMEHZMETT 57z
DITIE, 2 al—raViCKBEETFRICHEDEZERT S0 O ANKRD 5
N3,

COXIBERFNY I 2L —2a U ZAREE T 5 ETIVORRIIZHETH D, BifE
HEITHORMOKPER R 70 Y = 7 MifgE THIBRIRBE LA BRI N F T 5028
AT & SRR N OISR OBAFE | ICBW T, HAZREZWR E LSRR EMERT T
WENEERLTWA ETATH S,

ARERICB N T, FRTOBMRREBIRETIVE, HAZEDOZAFHENSE L
2050 FEE COREFIRE Y I a L —v a3 YV LEEREHNLEDN S, SBOBME
HISRREER D S AP DWW TR %,

1

2. V22— 3avVETIVORE
1) BMEEIEERE T IV DO RKG

C T TCld. HBEKRE(LI R Z GO e 5B DOBMBERZ MR 5 72D ARMERP K
IWEE, FERTHIERZRMETE S K54 I aL—ya VETIVORFEZEHNE L
T3, &oT, ETNWMNIEINEE L LTRD 4 idFoN5,

ot

OBER D M U BMROREINZ 2y T 2L —> 3 v TEST &,
OFRINCTEEIN B ZURZEFN IS TE 5 T &,
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OMMENE - REFBOHIN S HZHIETE S &,
OHAZEZNGRE LIcy R 2 L— 3 Y HRINERICTRETH 2 T L,

BROKREGZ—Ty M elsd
DEFFEM, MXAEETH D, BER
IC X O ZAHT 5K, HKinEz
[ U 72 CRARME IR O BjRe 2 7
WU, R\ Z2HEETH LT
BORZGHES % 2 EDE IR
bNs, THIC, BURICDWTIE
MR TIEDOFEIRNE 1= 5 HAS
TRDTRIRD R ZEW I REN D 552
FEMHTES T ENEE LU,

ARMIC K B RBRINZEZ % - 1 BFMRRZBERETETIVOBE
THEHALZBBAROKEICONWTIE, SURELHOREZRKMTESETIVIBEL IR
%0 £oTC, Y2 al—varyETNCTENZIBAROKREZ FITSET VX, H
Bim, SURBXUBKREE VKSR EZ A1E L, BIAROAEM Tt Az KU Tz
EDOTHRINEESE, F£le, TEIXZBERY VY OV TLEHIBMGET D7D
Rz 2 ENHNTHSDT, 1ROV I 2 b—y g KRR ZH
K5 TRHMNZZERKTE ARV, HAZEZNGE LDODE | IR T I 2
L— g UHARERET IV TH R8N H 5,

HLE, BIE. DLEOBE 20T T MR EERE T IV EHEL T05, COET
BB T — 2 X=X 2R ER & U, BIARORE S X UMEGE Z K LT
T—AN=AZEHF LT LWV EARRGHI R > TS (K 1), AT TERMEE
FERET V] OMBEZREREZRT LITHNT %,

2) BMEIHET — 2 —2

ARETIVOEME L 75 5 HFMETRT — 2 N—RA1d, MEFTOERKEMERT — X X—
A (AR A 2006) ZHEL LTV 5, ARAGTHEIHIZEIC 51 2 RMERLRI, 2
oy 72 a5 U ToIREIS IR CH 2 AME L . T eXInd % HXTEHR T H % RAAGTHE X
ICEEDVT WS, EZEGEMRERT — 2\ — Q3 E#HE F I 61 2 BRI &
TSI T, AEES KOG R 2 FEHR, RAMZEL TREGLIZEDT
H%, HRMEREMRIIME I THEZZFEL DT —EZN—ADRGHB XK URFICH
BRLUTETED, A K> TE LR AMEHICETE I ENTE S,
FERGMEET — 2 XN—AUEHERDETOMIERZIRFE L T2 T2, ZTOXE
WOHS LI alb—g VKD DND§E BETIICHT 5821729 C
EMTER, T Ty TTTIERHAICBT 2 HPREIROEHERNZEEN TH 5 3
KA wya (81 km HROKET) THRZENTLZLEL, B3RXA v alcyd
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XN DOWVTRIFE, #nilk (5
FEHAOMIRRER) THRG L TH
itk & Uiz,

e, BRMOHYZ T % 7z
b, WETHEE THRWERET =X
VYA OF—2=2FHLT
B OEPRBN 2 #EZ L, ARk
HRT — 2= ZADYHEE LTz,

3) HAEETIV

BMRIC B 2 R FNEERZHEE T
ZTeDITiF. NERIC KB ARE, W ®2 WEETIVOHE
W7z IC KB FEYOIHE. REEFEMIC K ZRME S Vo e 0 A2 RBLT % 05
Wb, TNEOT T X2 S W EDRENERET IVIKHEED SHMKETEE
TERAT—IVTHEINTVED, 2EYVI2L—Y a3 U \OHEHZEZ THIEL
NIVDETIVERH Uiz, AW 2HEREIFIRET IVOFER 755 zDId &
FEFaHE, BFICOWTORHSENH O, HMGHEE TH S50 7T — X DOFEME
WEWEEFDH % 3-PC €7 )V (Landsberg & Waring 1977) Th %, HLWITD
3-PCET I 2T SICEIgL L. HEOWIL, JEAEKIC K5 4E, i X TR
72 (WeBRfE) IS K ZCAROFHE, Mk, I - £ - [HODIEA., BRUREDLARK
EHEYIOBIENDE T E VWS 6 A ADETFIVELE (K2), YIal—vs
VBV TE DWW EET IV O TR DORZFNCLZHEE L, ZTh bkERZHE
E U TRMIERT — A=A ETEHT %,

g 211> 7e— 7 Ty RUKOWIRZ XIS % T ISR LA RGHE & DRIR
N2 BRI S BRI O HERBRAN W U, & SICHE DS 36 & U E R 2
AUTze TNUCKORURZTTS T EMEROREMEDZEILE LTRIHTES XS
0. EEBERS FEBKR S & B OE DB O ERGEDENEE L TZED
BOREREDENE LTEHTES X 51k,

BEMEETIVDIST A—ZHEEIITIEARR T O BRI i E T — 2 2 Ve,
IHERA SR & (IR Rl s K UAM OIER O Z Hiv L LT, EAME HMfR S
WIZEAIC K D i & T A Tid 1930 AN ki U TRIAR DB E P EEDEHITE
NTWAiETH 2 BRI, FKEIEHD 2001,

4) tEEETIV

BMEREDHR T2 Th{ EREREAR L UTIREMRE A5G, AR LEICBD
BIRFNEERII K Z BRI 7 D %, LT T IVIIARM LIS & NS REa Y (7%
B IR E) Do EnsEfEziditd 28D THO ., RKZEICHE N TIE Yasso €
7l (Liski et al. 2005) ZX—RX & LTH¥ LK, TOETIVORIIERY DD
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fipZe i e, MRMIEEREY). MR IEAHY 4 Lotz nZhic DT, )bu—
A, VTV EORTINCED > T3 TH B, 0 fEEDOHGHEER & LTl
Sl & Bk EZ VW Tz,

V3al—ya B0 TR, MEETIVCBITBE, £ HoD3EZ Tat X
> T I 2 A1, & 5IE TR, B E W TeMREETRENC RO S N
LRSI EK AP HMREEAD A > Ty h kb, cheDOBENHEET
IINEINSCEEES (K1),

5) MEETIV

AR, & U ATHIC & > THEEEENI IR EEEEZ RES LY T LB R TH 5,
MEETEEN & UTOARMAEREZEHMC T 272010, AFFRICBWTIZRR], fifE
Al BRI FARB X ORI Z T 2 ET IV EMEL TV 5, MEGHIZ T
9% EIERTIRINDZENC K O REEERZTZTDIFFICH LW &b, B
RODHISHNZ TRERDIRINZRE LTy F ) AR DL 7 T a—F bl cbh %,
ZO—HlE LT, ARERCBOTRH#ERDO THE LT, BROEE & U THEDE
AR K URMREIEZ VTR, B2 TR,

/e, VIal—rarzird BTk, FXK HERBDMTONEMD ZRET B8
NH%, ZT T, 3RAY Y 2B B NAKEDBEHREE2ZHE LT, KB
KUK EBEENZHZET VL LT, TOETIVICKD BZS5NTIER], KifE
Al ESAMRAR AR IS T 2 K ISR EG DM IR L, XREZDHMPICD
WTRMEIR T — 2= HLT %,

3. RFHD—H

1) ¥Ial—¥3 Ok

NG H AR E, W5REE A (e UTATH, BIEESIEEE), PRl
72 2005 £ 5 2050 £ & LT, MEB I U TN 532 HRMERRRICHIT 2 M
HIEE BT RERRE Y 2 2 L— b Uiz, RlcdibdRzk Sic, BR, BKHE
DFHIC DOV TIFIIRDIEE & U THBCRE (R ERiER) 2 v, B
EFERRE Ulco MAEETIVERI T HEETIVOHLER 7 L7225 K HEICDNT
& BOIRARURY AT gt > 2 — BN EREEISET. HIBKEREE 7 1 > 7« 77 it
7t v 2=l Ko THFEE Nc @R RSUHFERE A€ TV (K-1 model developers
2004) DHi/11E MIROC3.2 (hires) 7, (M) FEEERBFANHIFLMN 3 XA v ¥ a
NEWFL T — 22 v,

2) ¥YIal—va otk

VIal—ya e KD FRENIEAFMORESHEED DML, Z DORRYINZ
2K 31T, DAKIER 3 KA Y Y 2 ITFET % AT HORESH R DRAZ
FRLTEL, RESLBHBOHREIL 3 XA v ¥ 2 WD ZAFMHiffEE X UZ Ok
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kk%<ﬁiéh ZALZIIMD DRRER I T S MEFENC b B 22 5 2 LI
HEMIRETH S,

7z, HARKRD RAFHICB I L DOMRRESER R L ZORLEZK 4 1ITRT,
CDRBZENCEBIIHEROERNA AT RIS KB RERINE E R LUTREY, K4 X
D AFMOREZRERIT 2020 F 2l E2H 720 £ TRINEHNTHEINT 20, ZD%KIE
BEIEEDSHGE L TWLEER E B> T0E T NG5, THUIBED N THZ Tk
&9 B AFMICTTT B ik ids K OMEEB O(FH 2 K LIRS R e B Z BN b,

2005 £ 2020 & 2050 £
3 YIal—Y3avItLBRAFMREEREDS

K4 Zal—2YavIcLBRATMEREERELREZZ(E

4. Eim

SEOYIalb—ravid, AF1EEZRNGE U, BUROMKEREMZ A Uz
W T VVADORZFHLTNEEE, I2l—D0 F ) AIH DL FHlZRLIZED
ThHH., FRBERICEFSTHREICES> TV, LML, TOYIal—y g U
RIRIEHEERLEZLEATED, CNUCKOIEREREYET 2L Lz,

FEk, AFMOMEEGREICK DREEMIETHICKELAD, E2EMICEEMRL
W T N TSNz, ZO—7, AFHRERGRE U TR S hianbd, 20
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WUEIEZTRZICAE R LT T ENFIIE Nz, Thuk, (ERRS TldHiEREREkIC
XEZMINEDIEED THEN TS EDD, HMRERSEOERIEDE 725 9 IRIE
DX ZENZ LR s EeEZ BN,

BIfE. HARD N THOEAEREZ 8 H D 10 ifkic ¥ — 7 2Dk L > THE D,
i EIic e B RVKERIFE L, TINEBMETFTLTWL, AT, BURTIE LN
DR HEHMTONT ., EENKE WEHRO G DK E T > Tnd, &
Ral—yaUARIE. COBRMOBIRZRKM LIz DEEZ NS,

IPCC %5 4 e =& (IPCC 2007) (R EFORMEK L LT, MR « HRD
MERFHIIN & R T AM B ORI Z T T 5, THud, BRI K 2RI E T
AMFIHIC K DL ORI 23k 5 LHFHHIZ D 5 2 L ZER L TW05, 20D
HEHhSRNE, I al—r g VR, BRROTRINO RHARE U Iziiki7210 Tl
. RELREENSHBONZAMETGH U EBEER RO B2 /R LT 5,

COEXIEIIN D, HROBMEBOAMMEE LT, ATHKICK 3 E0nERzZ S
FICAMAFERE RS, AMBFOTEHIC X 2 EHHRE D NS, N THOEH
IC K DEFE NIRRT K O RIGEZTERT D &0 D BIRGENENT LD S,

5. BbYIC

AFER TIIBIERFEP OBRMRZIFERE T IV DWT, ZOME L BRINRS 2 2
L—y g URRZR U, FEROEE Z2iEim Uiz, £ IVBRIC DOV T X EgtEd
THOUEDORMMN L IREIN TV B, 2R UTREFRFEI EMRZ2E75 LT
WBERBLTWD, 5%k, 2EDT T IVE. MEREIZEHT2 T U A DZEE
b, ARMFIHICEDZETIVE DGR EZED D L BT, mAbdT 5 ETHIEN
TWAEROFZEELHAAN., BEROBGHCHKTZ 27 I)VORFZHIE L2\,

5| ISR

FIFEERIZ A (2001) BISARMEEL R B0 R B P IFE A BR L D PR 7 A E & iR,
IFER B H TS 55 22 5.

IPCC (2007) Summary for Policymakers, Climate Change 2007 -Impacts. Adaptation
and Vulnerability, Contribution of Working Group 1II to the Fourth Assessment
Report of the IPCC.

K-1 model developers (2004) K-1 coupled model (MIROC) description 1.

Landsberg, J.J. & Waring, R.H. (1997) A generalized model of forest productivity
using simplified concept of radiation-use efficiency, carbon balance and
partitioning. Forest Ecology and Management 95: 209-228.

Liski, J. et al. (2005) Carbon and decomposition model Yasso for forest soils.
Ecological Modeling 189: 168-182.

ADCENE A (2006) ERBMEIRT — 2 N—ZADaaE & FFIRIL. ARMETEE R
EBIETIV 6: 141-163.
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BEETRIATNZAAMANDRE
I (5T CREERERFZSREE EATHIZEED

1. FCHIC

2007 FICHITENTZ IPCC D 4 KEEFHIC KD &, 5% 100 [ THIER DI E
X 1.8 ~4.0 CLEAL, ERERANEYOEREZ EICKREREE L RIFT ETHRIN
T3, HEREBE (L, BEO FRICZF L EE5T, KN, S, HHE, a7k
EDMMDKIRAEL S 0, BRPANMHRIHA T EE 525 EEZ5N5, Ak
ERERANDZE L UTIE, KUREZLDMEEDORHE « I55E - BAE - KER EZ AT E 8,
ZTNDNEMIC S EHREY)OEAPEY M EERICE THE L, TOREE L TH)
VDL T8 %,

HARDREAFZIRE OISO L TE D, mh b fHEEFAIAIER, BT
FRILTERIAR (HEZERIMO . ARREEAAR (B2 - W MR, BRI TSR . iR 74 5E
JRTERAA, dEEEy (s, R FERkB IR, sl e KA 0§t
JNEAZMICK T ENT WS, ANHEROR 7 )V T AR T )V T R 72 (B 5% 5 T
17< &, MO ES HRMOZA L EREDR) ZEETE 5, HEWD) SRS
500 m X TIEAX T A » AT BUIR EMNSIR 5B, 500 ~ 1,000 m IZIEHRrE
R (B - V) LRELER (FXT7F, YTHEEE) MEAET SRR,
1,000 ~ 1,650 mICid& 7 F AV 9 % YK BEILTERIFA, 1,650 ~ 2,400 mICiZFT Z E YV,
JXVF, by MVENT 2 ERE B, ZNLLEORLEITIENA ORISR E
I 5732 % SR D IR B o

HIERIRBE (L DREV 3 AN\ D528 7 T 2 HF78HY 1990 HELUEHCK Z Huiic, %
ArbNTWa, KETIEHEBO 3 EEFE 80 flc DWW, HiETid 33 MDEY)IC
DNT., BEBXIUFBROXUE F TOBELABHNTHEN TS, T—r v KR
TliE. 1000 FELL EOMEYIFEOEBHEEEEN T SN, HERERERED SIE I Y2
FEMEANDFEDNTHIE N T W3S, HATIE 1990 H£RIC, 8 DOHEMRMER L 5 DD
P2 A T DD TEURERNCEE D < BEAEFEO Tl & BRI L 25 A T
N7zo 2000 FFRIC A>T, SHICHEDOFNETIVICK D, TFHHeoNA<Y,
YR 2 fl, A8 1R, SHEERH 10 IS OV TIMEAEBEO TN ThN TV 3,

A TUE BREE S HERER B U S HEE BRI EE S4 (W7 77—~ 5) IKBWV T,
FMFS B IIZEATAY H AR DB AR DWW TIT - TEIBEAEF O Tl & IR L2
DFHHIC DV TN T %,

2. REOKEESEELFUF

BHEDORUET — 21E 3 KA Y ¥ a %@l (55T 1996) DWHIHTE %, 3 XA
T Lld, EEJTANC 30 B BREHTIC 45 PO KREZE (B 1 km X 1 km) OFFD
HICREERDY LIz D THB, FROKIRT—% & LTIE, HEROKIEERE TV
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(GCM: General Circulation Model) 2Dz 2 DOKMREZE(LY VU AHNHA T
FEELLFHENTWS, ZD 1 DO RCM20 ¥V A&, IPCC HiBRIERE(LEE 3 KT
MRS EC X B IRBNRA AP > 1) A SRES-A2 O GREBFEM « 2okt 1
HEPLL THRBRITIC K > TIERRE NI 22 RIS 20 km OHIESEET IV TH S, &
95 1 D0 MIROC &, #EHis 7 VU A SRES-AIB (FUFEM - V00— Uty 1ok
DT HA TR &S NI 225 1.125° (K 100 km) OKRZLY F A TH B,
EBLOKRELY F U A MBS, BIEOKIREEX D KZ WD, 22N &
WO HETIRAY YV allE TR I VAT —)VTE S, BUEOKIEICLER 2 &Ry
7 U A RCM20 & MIROC i, 2E T 2.8 CL 4.3 CLFAT %,

WY O 3 TAE T IVOBHZR E LT, cns&izT—2h 58 LIz4 D0
SN B DN TW% (Matsui et al. 2004, 2009; HH15 2006), Hib, BEH
T OfEF (WL, 5CLLEDAFESIROFER OB, READHRIKSIRDFE
(TMC). EHRkks (PRS. 5~9 A). &k/ks (PRW, 12~3 H) Tdhs,

3. HWEKRBE(LD T FHNDOEETFH
T, HARZRET % BRAMK
T, KB ERRELH AR AR O R R
il UCTILS EEENRD SN T
%o 7 FIFAHEE RO AN 5
BERERERILETHMH L, ZOm
RIS EHARD HIAMFSHAED 17 %1
BH1-% 23,000 km* TH 3, JtifsE
SR, B, AN HAWEBHNCIAL 7
Uy ANAERERL PUE, JUNT
il ESBICER SN TV B, HAL
g, MAENCHA OKIRD 7+
MIMEEEN TV S D5, 1993
ISR EREPEICERE N (K1),
SUBEZACWHAD 7 F RO NIF T B 25T 2 72 DIc, &ifs & B
57T MO %2 TS BHEIETIVEIED . BT IVICKUIRZELS U F Z AR A
TREEDEBEENTFRE NIz, AR 0.5 DL EOHIS DA ERO S L xd B —8
LU7zDT., f#E# 0.5 DL EOHIIE 7 FMROROTICHE S 2 GEED) &EZ2 50
Tzo 0AAER 0.01 ~ 0.5 OHIZZNIE L L CORWEREESF 720, [BBEETY
FRRO AT A REA s GURI) & Z SNz, FikER 0.01 RiGoOHIHIE, 7
THROBOI AR EE RN GEEIFERED &EZ 5N,

BE T T M43 % HilsRIC 351 % 8815 (14,579 km?) 1. BIfEIC X T 2081-
2100 #E12i& RCM20 T 21% (3,117km?) I, MIROC T 4% (544 km?) i, ZNZh
WYIBEeTHENT: (K2) WITNOHEETE, BEMEEA LRI RSHHA

X1 Bl M
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PAMKTHEHOT F RN TH 2 EEZSNS, 7T DFAFrIE 200 ~ 400 HT
H% DT, HERRELIC DD 513 TN 2 EEGEHO 7 FHTE, 70
HKT 20T TRV, LHL, TTERAD 1K1 AMIETZ L. TTHHAET
&9 BRSO T B MOBIREAMIA T % T & K> TIRAICKITEO S HES 72
295, AINARMHUNOEEEEKTE S Z. I XFF0 ZUM, Jull « TUE « AR
TR NS OMMEICIIA TATHA, EIN, T TICES DS RN H 5.

2 TIMOEBEORHEBRBERGFICBIFTZETHDFA HaH S 2009 DHZHE)

A Lt T FRE P e UE BB B O &R R Tl I FLEFE R O 95 %7z
b3, 2081-2100 £ iE RCM20 T 0.6 %. MIROC T 0.0 %Icigb>d % (M5
2009), HEZREPERIK DK 8 AR 150 H 5 200 4 TH B DT, 2100 FEITid
Z L OT7 AN B ERIAZN A 5, E LRIENT TR REN S, 7F D
FECRICI XTI FT TR EOVEIEILTEBIDRE L. 7T OEEME T 2 alaet
NdHs HS 2007),

HIBRIEBZ (LIS 5 HARDRIAH OB EHEEZ 1 4,000 ~ 5,800 m/ FEHEE SN T
W5, 7z, 5% 100 FERIOARMEERIC BT 2 &R OBHIZ, RCM20 TH 3,900
m/ £, MIROC THJ 5,800 m/ 4 EHEE TN TV S, wAOKIALIED 7 FFh ]t L
FElE, AINTIE 30~ 233 m/ET, JLEETIE 20 m/ F X 11 m/ FEHEES
NTWV%, Thud, HBRERILIC X 2 XRFOBEEEICIE, 132 DI KIX R0,
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7 F OJLRRIFAtiEEE B EO BN EIICH . Fh L DI H 2 miRE E IR
WFIXF TR P YENMEL T BEANELMTH S, JLBRLALDKEB7 OAbifEE &
KWDEIMET EZ LT, TG K b BERRKEDLWRKENDRnT &
T7TFTMOBAIICHEE RV, 2 DDO5UREZ(LSF U4 (RCM20 & MIROC) Tld. i
S AR 72 B 2 T LRSI A 5o JLHREIC I 2 OKIHLIRE D 7' Lk
LI KD > Tz, BENEEORENC &, £z, NANTHFIH N, Eiib,
WA L) k> THRMDI W EN TS T e b, dUEEICBT % 7 F D5 fidlk
KIZNEHETH 5 EHEEES NS,

4. WIKBRIEDINA T YANDEETFH

INAE, YRR Y BOREEMED
AT HAROELIFORERTH % (X
3)e —T 7 REEJLHEBIC A < 734
L. HARTEIbEItEED S iRl
IR T, PEIZAILE Tolt BB B4
L. AMRSRZBZ @l ciEsd
%o HERIRBE(LDINA <Y AN\ D
R 72, NARY DT —
ZE, BEOKWENMNSRET L5 DD
SURZER VT, AV DRHZR
EEE 5 TS BT T IVHMER
Nz,

5 DOXUREZEIE. WI, TMC, PRS, &#ifiZ5/kE (MSW) & &HkkE (WR)
W, TOETIVICEEDSEE 2081-2100 ED 2 DOXUEY U 4 RCM20
& MIROC DSHAA I, BIE LR D INA <Y O Tl E 17z (Horikawa et al.
2009), Z DL, &ELiho@Elini: E5REMICIZE LT TE RTINS Y D)
fi LWLt 2 728, BIESH LWL BEIT 5 2 L i3m0 e fEL T, /N
A DOFEBRO AN IRE U THIERIRBE (L1 DI Tl & Nz,

DAAHERD 0.06 DL EOHIDERO N ERE B —B LD T, T OHEZ
W EPES, 7z, 0.01 ~ 0.06 DHUEZ R & FES, NA <Y DRI BT 28
HEDOLME R TOMBOEREX 7,867 km® TH -7z, 2081 - 2100 4EiCiZ, RCM20 T
2,456 km® (31 %), MIROC C 1,061 km® (14 %) 1@ HADTZ (K4), VT
NOLES,. 04T 21O TSN T, EEOmENINE ZIZHAT 5T &N
THlE Nz, & ICHIHS Tld. RCM20 T 9 %ic. MIROC Tld 0 %I FNF N
INT B ETRIE N, Mgtk e 52 %, At S EAT S ic kD,
W A LS e & b I K& < S E ., T TAMIBRIERR (bR Ok (L
Ta—=T7) WKixbLEILNS,

K3 FBE7IVTADINARVEER (1EF 2,600m)
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K4 NMIYDREBORHEZTIREZHFICHITRETHDOFA
(Horikawa et al. 2009 DE % HZE )

5. BbYIC

AMAERERIZ. CO ,DWLUY « BHE - PR, KR, LRMRIEBG IR EOBEEL & &1,
DRI ORI E UTEMZ I Z R T 2 re2 A LT\ 5, HIERIRBE(LIE.
AMRICEBTZEEAEOEDEFTMZBEIEE 5 DT, —HBOREIC DWW TIIAEIIC
DIEMNBARENN D S, EEH (EEED) Z T 27 )V EEHIC/ER L. FEkD
EEEZ TS AR KD, Mg fiomis, JoBthAE TX %, Mg
B LR R E L, TR kT2 T () LTwL T e, mEt
DM RIIIDERARTH S, TR VT OERICHEDE, HithnZ(kid)s
CTRELNTZH DT ETE 5, WMt hRA EDANBZINA % LW EYZ
RS R DR RIS A T ADMBE L 25 TGN H 5 DT, (RERDIIRIIE
2 U IREREAEZIMRICHE DN T TN 208N D 5, £z, w#EnkiE, i
OERREM & AR, EERSEBHMO G ER RIS HE DOV THRMERROE B EZ
BHREIC L7z ECHITEINB T EMRETH S,
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5 TSR
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FHZEHE (2005) Mzt — ' —AF v F—ZHOTEAF AN THGHINIC BT % L—
Y= COMIEEEEAR & M ISR EE OB | HMGEHE A 258 39: 81-95

Hirata, Y., N Furuya, M Suzuki, and H Yamamoto. (2008) Estimation of stand
attributes in Cryptomeria japonica and Chamaecyparis obtusa stands from single tree
detection using small-footprint airborne LiDAR data. Journal of Forest
Planning 13: 303-309

Hirata, Y. (2008) Estimation of stand attributes in Cryptomeria japonica and Chamaecyparis

obtusa stands using QuickBird panchromatic data. Journal of Forest Research
13: 147-154

E) & EEOFMKEA - Hleichiskd 2 " ALK EFOPEH O HI (Reducing
Emissions from Deforestation and forest Degradation in developing countries) &5

PFEOUAS 772 > T REDD EFEEN TV S, EL KLU 22

5[ S VAV NNt s

[A T TS SUREEI RIS eSO A w2 —

() ARMES I
http://www.ffpri.affrc.go.jp/labs/kanko/chuki-seika/2ki/chukiseikaZki-8.pdf
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Sawada, H, M Araki, NA Chappell, JV LaFrankie, A Shimizu (2007) Forest environ-
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