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A review on progresses in treeline dynamics and climate change

WANG Ya-feng, LIANG Er-yuan
(Key laboratory of Tibetan environment changes and land surface processes, Institute of
Tibetan Plateau Research, Chinese Academy of Sciences, Beijing 100101, China)

Abstract ; As the elevational and northern limit of erect trees and forest, the treeline and timberline are
potentially sensitive to climate change, being one of the hotspots in the study of global change. Treeline
dynamics not only include changes in upper treeline position but also in stand density, spatial pattern and
tree growth. Although several hypotheses were proposed to explain treeline formation, temperature is
considered as the most important environmental factor in controlling treeline dynamics. However, treeline
position may have a lag response to climate change from several decades to centuries. In spite of global
warming, treeline position may show a little change. In comparison with the treeline position, forest
density may be more sensitive to climate change. Several treeline studies (include the studies on the
Tibetan Plateau ) reveled significant changes in forest density in the past 100 years. It should be
mentioned that many reported treeline sites were disturbed to some degree by human activity. As a result,
it will be difficult to separate effects of climate change and disturbances on treeline dynamics. On the
Tibetan Plateau, there is the world’s highest treeine, being ideal to investigate effects of climate change
on treeline dynamics.
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P (treeline ) 7 A BL ST A 4043 W)k 1 FR A1
A AR, MR &Z KT
(Komer, 2003) . 145300 445 0624 25 B (A
PR, SRS IEATRE , IR Zo U84 HA 7
TERURE SRR B o3 A 5 A3 AR G AR A AR
[X 35, ( Holtmeier, 2003; Korner, 2003 ; 75 k5 = 5%,
2004 ; #7652 45 2005 ; Nagy and Grabherr, 2009) ,

SRS AZ AR L 58 K FR 0 b g Ao ) G
REZAEY ALY IH F 1 5 0 ( Tranquillini,
1979 ; Jobbagy and Jackson, 2000; Malanson, 2001 ;
Korner, 2003; Payette, 2007; Wieser and Tausz,
2007 ; Li et al, 2008; Shi et al, 2008 ; Smith et al,
2009) ,{HZ 502 F IR A2 52 Wi B 28 1A
AR ) B T EE A [ F- ( Korner and Paulsen, 2004 ;
Nagy and Grabherr, 2009) , 1 [ WA £ 8 A 1)
F AT, B B IR 1L, T2 B s
Ak & A= 754k (Kullman, 2001) o IGah , A4 £k AR 3
S5k A5 TALA Jay AR A K A T B PR S R 1T A I
A8 AL (Liu et al, 2002; Camarero and Gutiérrez,
2004 ; Liang et al, 2010, 2011b; Harper et al, 2011;
Kong et al, 2012) , #75 FibAE SR bRX U221k
FIA) Wl 17 TR A SR AR 2 Sl AR Y T4 5 SR AR 3OS
R T 10 AFA [ Py AR A% AR £ M 1 7 ThT Y
o e, BTE SRR 2 AL 2 s i A, 5
ERNCA — R LRER T A ORI AL 1) i
Ji& RSO PR

1 WEREX RF&EER RS

R — P A 1R LB R 4 AR R R el
P IEAR— R, Wi — SRS R, K
FATAT [ SR () 7 BR A A S — A~ 3% T o U 1 X0
(Korner, 2003) iX —# i1, 22 E PR 22 A AR
2§ (Timberline ) [ 31 L HIB F £E ( Tree species line)
Z ] B3 JEHF (Korner, 2003) , X HLAYARLR [0 A
— AR KT 5 oK MROE B KT 30% Y AR AR IT
REFNIA Y HF 4 I FR ( Holtmeier, 2003 ) , b il 2 ) 2
F&T® A A 1R BT fE 3k 2 (14 B 5 W K (Kormer and
Paulsen, 2004 ) , A T 4 it iR 4 A9 AR LR AE
PR IR B — R AR TG 0 AN TR — R
BRI AR TR RIA AR L RR

X PR AT B (—Meds L) Fres K B w
PR E AR AR, BB 5 oK 3 Kk 2 Kk =Fh 3
EBRE( Troll, 1973 ; Wardle, 1974 ; Korner, 1998) .
Hor 3 KN 2 KA bR R R I, RS

HWN 3 AR AT LRAER AT 2 5 8 FE B A T R AR A
Fr—30, HA S8 E 2587 55 ( Kormer, 2003 ; Nagy
and Grabherr, 2009) , 73 —2622F A AT L) 2 KAE
b FEHE (Kullman, 2001; Holtmeier, 2003; Wieser
and Tausz, 2007) , W T LA WA 2E 5, HAj—L&
WFICIRIE TR A7 & S AR B R G, ) T 4
Wk b R E R TN N AR A B E T, 5
e TR DL e FobR 9 R A F AT PR e
PRI AR A B 1 I 25 AR AR RRAE . 55 Ah  TESE
— I [A] RUBE PN AT i R B A T R
fetl & — 5 75 3¢ v ) ] 81, f% 3T, Liang et al
(2011 h) $18— 5 B 300 P B 288 o7 8 728 sl (9 4 v 1 1Y
AR ) — b A B (AR L i T R KA AR
SHAE) VR bR, R HE WAL E R R T
e

WAL I AT AR AS [ T AR £ 0] 43 R AN ]
HBY SR BRANUL, B e nl Rl o3 s Y S Y R
AR A4 5 B4 DU Fh ( Harsch and Bader, 2011), £
PR 3 T Ll PR 29 B AP SRR e 2
A2 M 7 = 2 2 ( Holtmeier and Broll, 2005 ;
Herrero et al, 2012) , “A5 5 0 BYAR 2 X Mg 28 1k
FA U, 2 R B G R R A, [H
TR 73 B 2 HB 52 B [6] 72 B N Ry i sl i+
PE, PRIHCAEAEME LA X 3 AR e = A2 A X b 2
H B 52 ( Cairns and Moen, 2004 ; Holtmeier and
Broll, 2005; Wieser and Tausz, 2007; Moenet al,
2008 ; Smith et al, 2009 ; Speed et al, 2010) , 75 %
TR AR, NN TS TR e R R S 2
R R HE AR A7, I T RE R A D8 AN e o
LA EEN 2 (Wang et al, 2012a) .
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BAESTR bR . TR BR R R T, WAL E
B W EF (Kullman, 2001; Grace et al,
2002 ; Baker and Moseley, 2007) . {H &t 5% If:
AN THIX—W S (Harsch et al, 2009) , fF4
PREARIER 166 DMRLAE R, 1 2 100 4F5R R
52% FRERALE B 1 2 I T T, 47 % B R A7
BN ER L, A 1% B0 B T f5 1B (Harsch
et al, 2009) . 57 A T AR, AL A7 X A A
AR I 8 AR B M S ) e AR T
2 B L TR R O R 2 2
Z BN RGN TP, M LXK o S5 AR AL 2E 3K B
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s i BTk ( Cairns and Moen, 2004; Wieser
and 2007 ; Moen et al, 2008 ; Speed et al, 2010) ,

RGP BT R e i 7 A A8 A Y S — AR 2
TEAR . SR E A L, PR3 B0 A2 A i i 1
A fHE B HE% ( Camarero and Gutiérrez, 2004; Elliott
and Kaikuranta, 2011 ; Liang et al, 2011b) , 2K H 3%
[ 2 s 22 HF0 BT R 3900 fim ) 8 A% R AF 5T S, AR
TR X 2 5 5N A B R A A (Lloyd
and Fastie, 2003 ; Elliott and Baker, 2004 ) , XfF74
BEAF HO A A 3 LU 2 0T 55t 2 B, bR 028 8 1 22 4k
5 20 22 A7 BE & ¥ A — 3 ( Camarero and
Gutiérrez, 2004 ; Pefiuelas et al, 2007 ; Batllori et al,
2009) o AN, FEFARIE DX AR W L DRI EAR 1 )
BTt A 7R Y, 722 2% 100 3% 200 45 B ] RO
e PR BRRE 4 AR LR N # (Wong et al,
2010; E FI#r,2011; Liang et al, 2011b; Gou et al,
2012) , SR, oAy & 53 b DX AR 2R BIF 5T K L, bR O
B A XA T 5T ORI B 5 R AL
(Villalba and Veblen, 1997; Wang et al, 2006) , X
FIREUESE T X sl 1y 2 S LA K N R T4 XF R B
5

R A7 5 AR 53 28 R %o A 28 A P A G e )3
WE 7R 1 HE R DA R 48 2 2k 3 77 19 A BE 52
(Moen et al, 2008; Holtmeier and Broll, 2009;
Takahashi et al,2012) . JXU38 XU [a] 8% 49 Sy 52 i) A
LB EEIREE A 22— TEXUT 73R S iR LA
FU AR TR R S s 27 5 KUY 4222, AT AT A
T & B B &% I8 F+ (Holtmeier and Broll,
2011) o by~ HCHE IR 25 Y Jm BRI S B £ 2 b
LAY e 28 B v LLE AR T R JSA A8 £ R MR TE T 1Y
% ( Dullinger et al, 2004; Liang et al, 2011b;
Wang et al, 2012a) . ItAb, 384 35 1) 55 o P ARl
T 2 [A] (58 4 O 28 AL 23 52 Ml R A T | DA BEL A A%
281 J€ 7t ( Holtmeier and Broll, 2005; Wang et al,
2012a) , ZIEF|AE R N 7 EM L2 b ry E 2
VEFH , 3837 Ao 20 A 728 A Wi 107 Fof 5 10 o DA 3
TRk J3E DR Xo R 2 I8 20 1) S Wi 35k XoF 5 WL RUJEE )
R BRI L2

R AN B PR 53448 K X A 28 A 8 e A i i
. AT BEAEAE D7 — B A R, BV 2 0T /A M 1 A AF —
SE I ] i 5 M (JL T 4E B LA 4F) (Lloyd et al,
2003) , FETIX iR, WLk BT Ak B4 T ARON I IR
JUAAEEO LA AERTA R B, T 3E 24 1 B stk
L (HUCR R 5 AETE S, 1999 I 5F,2005) . I

A NER— A TR 3%, BT I B A AR i e e
Ve IXAWAE—E TR EE F AR 1 A Lo 8 X S A2 1k
M N7 R o 4 AIE ( Liang et al, 2011b) , A F ST
%W (Chapin and Starfield, 1997 ) , #4 £& XS fi% i 1)
AT BEHE IS 150 ~250 45, {HIZAH R Fir & A i s
SOTRIR v oA 1) S0 Bt Y S A AL TR 5 ) SR

3 REBEENZEREIHE

& 25 (R4 Jmy 32 BEAIF SR A 1) 25 (] o3 A AL 28
G 2 DL K B V% FF AR 55 N 45 ( Fortin and Dale,
2005) . WA BRI 2 B (0 A8 A A 25 5 R BE
25 (A% SRy O AE Ak, DR A 9 AR £ TE % 11 2 R A% S
ALE B R R B S RN W B iR R T —, —
PR U, ol Py s ] ) B O 2R 2 B P05 o 2 1) 34
FRIMIGTR (Callaway et al, 2002) . FHERAE J Bt A4
AT ATRE AR b B A 26 3 L AL (Korner, 2003 ), JLFf
PR TE] OC R A A R B O B X R ( Callaway,
2007 ) , KA I 52w it (0 R85 a8 (A0 ARG I
), DT Ry 8 A 1 B R A K B B R
(Smith et al, 2003) , BLA&, FhlR] 58t nT B 24
RHETE T I 2 22—, Kormer (1998) #5545
PR NC T 25 32 5] 25 2 E R Bl 5% 2% B 2= R BEL A, (HL
FFARX IR P ESE— 20530, DA2S (1A oy 1) 1 B
B X —IG v TP R 5w VR A B i 2 BV A
T A TR RIAE G o 3K — WA AR T AR e
R 23 (A% SR i 92 1 SC R (Wang et al, 2012a) . Utk
AN BEE DR AT ] BB AR LT = N R
1 2E 54k (Batllori et al, 2009 ) , b 17 2k 725 fi py &
[ G 2R I Ee BN IR 7 A R

4 WEMREMARERIES

R AN IR 325 1 1078 A S e 1 B e ZE R
VR AT AL, TR AR K S S NS 7R 1R
LA AR, TR AR K TR Ny
AF R R i B AR G DR Y R R R AR 1 AR
KW BMTIE F A FHE - B AR R 1) A= KA AR
R AR A A A B,

SR AR AR L 5 90 8 B AR IR 25 5 AT
— BRI PR AR ACAR 1] A= X A i o7 4
F9Y (Paulsen et al, 2000; Liu et al, 2005; Liang et
al, 2010; Zhang et al, 2011 ;Zhu et al, 2011) , 7EIZ
) 2 D P e A DX AR R AR AR Y AR ) A
SRR PR o T DX e T % A AR T 3, DT 2
R AR AR A A K BE I ( Liang et al, 2010) , A4,
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TEE T 54 DX Bk S BRI T & i i, AR AT 2
PELBAA KC Y F2 BRI A 7~ (RS 7K % 5, 2008
Peng et al, 2008 ; Shao et al, 2010) , {HEERFEKE D
EODER (I i N2 2 NI ) R P €58 o = T O 6
L A A [0 A A A 722 1B 1 W) L A 225 22
St WABFIEAN, 2 5 XA G A 1 42 1) 2R
[ B 52 W B AR K A BR 1 (Liu et al, 2002) , Ut
Hb T B TR M DX, R AR B AR ) A AR
SAGEAE AR B e 1O A7 AR B[] B B8R — B0 (Wilmking
et al, 2004 ; Zhang et al, 2011)

A AR AT N A R A K Sh S R F ST AR
X% /b . Gamache and Payette (2004 ) 75 X 1 5= A Bk
JerEm AR A R AR X U R AT ST, R
ZAZHAR i A A S 3G B AR A8 LA AR B A
A R AR A I BT 5EATs + ok =, R A
TR B ) E X IR T 5T, 2R KA
BEM&EAKA R ZEH M (Wang et al,
2012b) . EIZATFE AT A AR i AR K R A B (2
BN E 60 4F) |, 1t AN B8 7 AF 5 A2 KIS
Al 8 AR B M IR VO A 0 A BIR T A 4 A 1)
B[N F2Z— ( Chuine and Beaubien, 2001 ) , A 1t | #
RBZY AT e KA — R BuE T
W34 o SRR 1 2510 s A R sl A B T )
HI B 2 S 200 e 722 A 1) o 157 AL B, X6 A A A F
FREAFEER L (Wang et al, 2012¢) ,

5 SEIMEMRFHARE

A M5 R E RO T 20
142 80 4FAR (Harsch et al, 2009) , B 575 1%
R AR ST ST 0 B 2 — R e Bl R H X A g
AR B 32 B H 250G . AARE LA A S5 4%
Ge )7 EFNE I GIS 195 I WAIFHRE AR 4RSS 8
SR s o AR A TR A S 114 722 Ak 3R]
I3 TR T B 5 2 R B Y i 52 ( Daly
and Shankman, 1985; #H 185 1155, 1999 ; X
JfE ,2002 ; Gehrig-Fasel et al, 2007 ; Opgenoorth et al
2010) WSS C UG T a0 R H H i
HIBFFEAT A LA FLR i

(1) XS BFZRIE AL AR £ I8 S0 e 22 AL Y
Mg 17 FIL ) A BT o AT BR . JCIB SR A R0 B I 5
SRR AR AL, o A 0 i ) 2 - 1 E
BRI SR, SR, H RITAR A O T e
BT B RE 1 L K 4 v SR S S AR T AL
il B o 5 ( Hofgaardet al, 2009; Wang et al,

2012a)

(2) B s 9 G S i R B e ik =, R
BRI S R AR b ) i SR N BIR
WEZEBIFSE i 1 1 T e 202 IR 7 R4
il ) 3L G SR 4N >R Y ( Richardson and Friedland ,
2009 ) 5 14 2 Ab JRU TR T A S0 A TE R B =
(Liang et al, 2011a; Liu et al, 2011; Liu and Luo,
2011),

(3) X T R LB TR 8D, 5 B35 Y
%,EE 1979 4= Tranquillini LR E RV R AR
BRIE U, SR i LA R AR A Xt 47, (H
METR BT IR A5 B 200 22 D ZEHE UOR T (Harsch
and Bader, 2011) , Z%0#85 525 AR FRE A A0 +
P CaECH AR iR LR KR4 ) ((Cairns and
Moen, 2004; Holimeier and Broll, 2005; Z=iH £l F
Kriuchi, 2005 ; Wieser and Tausz, 2007 ; Moen et al,
2008 ; Smith et al, 2009 ; Speed et al, 2010) , ¥ELAX
S NR TP AEACHY o, PRI, R IR £k
a7 FARARDLT A 2 AR A A2 A e AL AR
PR EPE,

(4) A 25 B R F R Lesh 89T,
TR A A A B wi LA I I ) 4 ) RUBE A
P (Holtmeier and Broll, 2005 ; Grafius et al, 2012) ,
JITLAAN ) 23 18] RUBE | AR B 2 A2 A ] e EAT AN [R] 4
il A ¥ (Elliott and Kaikuranta, 2011), B A 68
TESE P2k sh e Jr i RO B 5 KU 2 B
A AR R P

(5) VEhy 3k i) 55 = A, 7 98 v D 91 A T 4 o
15 1 R SR B 2k FAR 2R (2% SC4E ) 19855 Schickhoff,
2005 ; Miehe et al, 2007) ,52 NJ&0G sh 40, &
JRER i 3 55 A 28 AT 5T 1Y A Hb 5 ( Liang et
al, 2011b) . KT, H Ff R Z XA 5EHE 4R T R 2k
T Y R e LU AR 8 A R A 2 I 5 (I, X
B4 ,2010) A AL S 5 Sh RO 5 F A 5
LS A HE AL ( Fang et al, 2009; Wong et al, 2010;
Liang et al, 2011b; Gou et al, 2012; Lv and Zhang,
2012) ,FE R AERT L i s K Sl AL 5 T, T A ff T
WAIIFGE (Wang et al ,2012a)
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