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Impacts of Climate Change on Forests and Adaptive
Forest Management

Shirong Liu®

Abstract

Forests, as a principal component of terrestrial ecosystems, play an important
role in regulating global carbon cycle and mitigating climate change. There is increas-

ing evidence that global climate change is influencing global forest ecosystems, which
vary with forest types and geographical regions. Impacts of climate change on forest

ecosystems would directly affect their carbon sink capacity through the increasing
global warming amplitude and frequent extreme climate events. In order to reduce

negative impacts of climate change on forests, forest management aiming at enhancing
forest resilience to climate change should be accordingly adjusted and improved in or-

der to maintain forest carbon sink capacity. Adaptive forest management strategies

and countermeasures must be sought in a broad context of sustainable forest manage-
ment. This paper reviews the impacts of the global climate change on forests, inclu-

ding forest distribution, forest growth and productivity, phenology, carbon sequestra-

tion, forest pest and disease and forest fire. Adaptive silvicultural practices are rec-

5l

il

ommended and should be incorporated into the current forest management regime in

order to enhance forest resilience of forest ecosystems to climate change, and to main-
tain forest carbon sink capacity and other ecosystem services.

BUR A AR & 112R 5t & (IPCC) 55 PR PPA5 R 5 48 1, 35 A R L BRS
B IE 22 [ — W LA BRAE R B ARAE 9 B 3 A2 4L, R , £ BR [ 7K A J=) F B K 430
R AT WA, BE TS B0 S SR SR (AR i T 5 AR S T AE ) R AR I 9
AR SR B AN HF S I (B BT, T L AR AR A AR SR R A 2 K i 1] AR A AE
AT B AN (IPCC, 2007) o ZRARVE MBS RG M 4, RRAEY B W EE
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HARES  BA ER R AR AR (FAO) X 2R PR AR BT IR K9 IF A4 R B, 23K 5k
FRIETFRZ 40 12 hm , 2 55 23RBS E ARG 30% o KU EF YR ZRHE
BRI EGH SRR ARE EREE N ERERIEESRES
SMERAER DR BRRKEERR, SR EMEH30% £H KKK,
H AR BRAE B A N SR 77% , Ak T ARG R 4 5 28k - K
39% (Ciais et al. ,2001) . FRARAE 0 E KRBIBKE B HBA K EZHRICINEE, 7E 14
5 R BRTRAE I AR IR AR AL AL Ty 18R 5 F A AT BRI PE A

LIRIUERMTE X URKRE JBE K EEMERFRENZL,
ot R AR, BT A X S AR AR R AR ) B AR B A R AR, A
SRBEWEW SR, URMRKAEYTRIREE T HEI R, SBRTEEX H
REAFAZHXEKERESRECEETEW . FRAAA AT 51 52 B A
e, FCELRA R X FRESRE T H A (Allen et al. ,
2010) , — 77, SRR A K CO, ¥ BE b F+ 515 B “ il AE B R " 2 /0 7 58 4
WS XA A 7 A BUR R W 5 55 — 05 T, A3 S A% 3842 o AR A 4 I 7= A TR A
Wi (Lindner et al. , 2010) . “TARZEALX MBI W77 XAE R ERBEE R
ZR ), T B A B R R AR AR AT 5 S A FR I N BT B Bk . TR, 3 L O SR AR
A B0 R PR 2278 I A RN Bt LE S X4l R AL R R I BT B

1.1 STEEANHFRNOZ

T AARAE AL 51 B I BE AR K B i = 5 R AR L, A R AR AR SR B 1 &
MR MR 2 B SR, R BOR R M X A [] 3R AR A 25 R G0 B 32 5% ) % L i
RiJT RAFEES . RN, BT AR SR AL 38 B 72 L BGR 22 (T e An
EEHM, 2003) , 3 HBEA — & 8 R B L (Kuparinen et al. , 2010) , Hifi HZ S
BAEAKSHEWATRERTHRMAESRERE, AENRESRELEAES
B8, ARG R BRAK B0 R ) B R AE AR AR R A AR VAT VBRTE 3E
AR REFEL I,

11,1 R R T 43 4 X S 4% 32 46 B9 I B

BESRET YR EE, b T HAE AL [ 6 X 3535 B8 I8 &9 F) A 07
AFEBRER NMERRSYMHER -AESREFRBAFMEN. BE,
A TR A2 1% BB W) b 0 SRR & R RE ST AR IR] o SR £y b AT REFE R R A9 AR
TARHTHUEREFEZEFHRIH T, AFEIEHRNIBYT BER
TEFTHE B R P EATER, MR B A X NEH; A — LY M TA
B 38 % Be e BRE R AL U473 4R AT LAAE AR AL B9 3R 88 P S L AR A R R o
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& , F B SEAE AT WS YRk i 53 A A2 AL %+ 43 B % (Coops and Waring,
2011) , Peiiuelas #11 Boada (2003 ) i@ i3 X} kb 24 §ij F1 1945 4F 1) 75 L F Montseny 1l
KA, RAERTESREEBZL WP BESRERAE. LB
(Fagus sylvatica) FE K i B IR & (1 600 ~1 700 m) EF T 70 m; ik
(800 ~1 400 m) (L1 B REFFMAN A 1 ( Calluna vulgaris) 1E 7E #% & ¥ ( Quercus ilex)
ARFT R o S ABL A0 RR AR B 43 A o7 AR 0 7% 22 Ak TR BE E o B 74 7 e L AR XA 2R
L (RIENLSE, 1997) o F: T REYF X R MY 052 KR 47, RITYFh 4 A7
S 34 o) W AR Hb X A8 B 2R A 10 4F 6.1 km ( Parmesan and Yohe, 2003) ,80% LA
Wb 2 B A R A A 5 R B AR IR R A SC, E 5 T 4R L X G O B . (Root et
al. , 2003) o £ PO T A [ RO ZE W 1) 24 % P M A (Larix gmelini ) BR2FRERIL
J7 ARARE L R 23, BF SR B, M5 A0 R T B IR I & P A AR L RS, S B AT AR
LRI B (ARPERL S, 19975 FRFTHE, 1993) o IR BEHS i 1°C B, SE AT K
DLW T AN PRI AR G /N B IR AL B 1 AN, BK T AL 4k 50.5°, R
FHEG 2°C , 2 M IARAE S AL RS, I TR & B)ak b 4 S1°, MR E T & 3°C R,
DA VE AR T 2R (B 55 I AR 3K, 2000) o %78 R 2 (1997 ) 4347 & 45 A
RAERRSBEZAERT , REK B 1L KO H 50% £ 4 X R K,
PN U b IX AR R 10% 22 o

G A % H [ BRARAE B 53 A R e Y T 3R B - A KR CO, R B %5 18 4 =
T, P EMSEE R R LB, FERIE . © R E A B B,
AT RE AR IR B i R IR S AR s @ TR B e IR S AR T BR Ty dL A Bl Hod 172
R B 2 305717 e Pt R bR i SR, 0 A T AR D 5 B IR IR Y 48 K 4 K A
WA ;@ bR L 2 P W TR G o T #4828 Ry 3 T A
3 © F LR A IR @ AR RE AR Ry h i @ Hh il 11
T &5 B iR AR Ry AR GE A (225 iE S, 2005)

1.1.1.2 #HoH

FRARAE B 53 7 Xob A 22 Ak B4 I 1 75 B2 A XoF 45 4K 1) S L B D, B A AR bR R AN
[7] 49y Fob 2 ) B AH LA B O S AR A& DL 5 R R — AN E MRS B A2,
R R HA 2 — D BB RS, BRI AL R &
AR, BEE A D RTERR BB ZMT, ZUARKWAEG T A REE
—if2 (Webb II and Bartlein, 1992) , X Kt —# Fiiii 55 , B % 05 22 4k i me B R
FARARAE A, T LT BB A i 1 e oL SBURR L BT DAL A A AR AL B 15 B S AR B 5
TR RS . B AT R SSIE I R B, 0% 722 B 4 5 BOR b 1) 185 46 B o v
KX . BN, FERRI , Lenoir 55 (2008 ) i if L4 1905—1985 4E 5 1986—
2005 4 [E] 171 A ZRARAR Tl i 5 48 20 A R B, SR AL 3 BUM W b JBod LB R 4
T4 ETHRA N 6 10 46 29 m, WA KA 4 BT (meta-analysis) () = 43 1
TEHE— 2 TR T AT XS AL Al 5w A F 4 A AR, Parmesan 1 Yohe
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(2003) Hif T 1 700 AW FpLES 2% 20 ~ 140 4 1] 43 13 K 2846, R T — 4
—HERE IR, WA X KIS SRR A K, X H o 99 Yy g & 4
B K B RAE AL S B o A X AL AP B4 1) B8 Zh s O 45 10 4E 6.1 km, B
55 P 4R 0 A g BE 1) b TR R 4 10 4E 6.1 m, Root 55 (2003) %f 143 4NF5Y
1473 DR HEST T RS T, KA 80% MR RILE MEB AL S IR
JEARAL R BEA5E o Chen 45 (2011) 3% 4 3K 446 4% 158 52 Wi 490 4 43 A 1) S 0E U0 3
AT TG ST, R I b 6] R AR X AR A B S R 10 4F 11,0 m, ]
A X R R R A 10 4F 16.9 km, MEjdA — R Z Y
A X [ {18 K T 2 1 B 42 ( Lenoir et al. , 2008, 2009 ; Crimmins et al. , 2011)
Crimmins 5§ (2011 ) 38 53 b %5 3 B i F) 48 Je JE N 1930—1935 4 1 2000—2005 4
] 64 A8 4y B B i B M AR 0 A R B AR AR AL, R IS A A T BURL ) 1ol 1KV 4R 3
X3 88.2 m, 3 HABATHE X BR 5 20 420 40 IR B AR B TE 5%, i 2
XK 7 T SRAGPE R N B o B T 2 BN A R 43 A DXOE S A 3K Bl R B A
BB ) BRAR A + 23 A PR, BRI 36 B 26 SEUE WA R R A SRR Z M AFEE 2 7
A BVEAG SABRTE AL XS B Bl 4 A B R, 22 AT IR R T K A B T A AR
AT A B 5T 3 26 A2 R T BF 98 0 T8 B UOR, AR 9P EE M A AR VR TR A AR ¢
iR, TR B B T R R R D R AR XU SF A A L. R
PR T T 0 A 2 T AT 9 3 AR AR VAl A R A X [ 3 S O e S B A
FEW TR M BB TS o AR B AL T ZLAL (Pinus koraiensis) 43 4 X i) B 5 FlJb 7 45
B4 # (Xu and Yan, 2001; FFIRKSE, 1998) , 3| 2030 43 E LLAA R Fh 43 7
MR AL IR R 0.1 ~0. 6 445 B, 75 AR4 5 B 1 R # h IX A — 26 21 90 4 T
ROTERIEILAR LN o0 A KSR, 5 38 3 B A T . 3] 2030 48, il 44 ( Pinus
tabulaeformis ) 1§ PR 737 X4 tH LA + 0 A B9 E R , L A R I b B 4 1.4
NG, B A TR LY 0.2 AR, AR T 5 [ s A BT AR T AL D 4 A
X A B AR B A AR, (EL7E v [ 58 9 23 A B e 3 o BOE SR I HOR 0 A 2 A %
R AR A (R TR N 2, 1997) . A2 K ( Cunninghamia lanceolata ) M= 75 £ 3& 4%
MXEAILE0.2 ~1.3 MG, LAREB0.2~1.5 MFE , FHAKREO0.1~0.7
NG RABAAI R HH R FM AR5 A R AE A 1.8% ,
HoBid A B T AR L B 20 8% (IRTENLSE, 1997) . RRSMBEEMMKE FHEN
( Phyllostachys pubescens) [a] t.iF #% 33 ~266 km, /i E AR M 7. 4% ~13.9% ,
BRI X 2B LB HAC S (KESF,2011a) , AR K 3B ( Da-
vidia involucrata Bail) H R 1& B 73 A i FE 19 A< ¥ . B #6386 38 0 7R B 8
DX 48 /)N, T 3 "L 2 A 3 FEDRE 3 2 1) ] 7 0 K v g o X 1 R, IRt , E RIS
BL A0 8 LR SRR AL, R R B IE EL A A Y BEDR YT OR (R A B 4 ,2009) .
DA 8 R 7 A1 T A6 A A o AR o 4 A S Wi B R R R AR R — 4y
A A6 7 AR R SRS AL 1 7 (GCM) T = B A 58 1 , 5K 57 %5 (2011b, ¢) B



