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Abstract: Timberline, the transitional ecosystem between the uppermost closed montane forests and the treeless alpine
meadows, is sensitive torclimate change and has long attracted the attention of scientists in many fields of study. Previous
research. on /timberline commonly focused on the relationships between timberline elevation and temperature factors to
identify. the.common controlling factors. Many isotherms thus have been proposed to predict the existence of timberlines in
mountain regions. Those isotherms commonly used include the mean temperature of 10 “C for the warmest month ( MTWM) ,
mean annual biotemperature ( ABT) of 3 °C, warmth index (WI) of 15 °C - month, etc. However, actual geographical
distribution of timberlines often deviates from these isotherms. For examples, MTWM could be as low as 5—6 “C at tropical
timberlines and as high as 15.8 “C in Norway. Moreover, a certain type of isotherm cannot reflect or completely cover up the
diversity and complexity of timberline environment in different regions. To explore the temperature diversity of timberlines,

we compiled data for 410 timberline sites in the Eurasian continent from published literatures; calculated seven thermal
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variables from published WorldClim dataset that are potentially associated with timberline elevation; and analyzed the
variation of these climatic factors. The results reveal that: 1) although all temperature variables at timberline positions in the
Eurasian continent have wide ranges, MTWM, ABT and WI, which are the representative climate indexes of growing season
temperature, have a relatively narrow range. For example, MTWM varies from 6.95 C to 15.64 °C. This indicates that
growing season temperatures are key climatic indexes for timberline existence in the Eurasian continent. 2)) Temperature
indicators associated with timberline elevation vary greatly across different climate zones. In the tropical humid zone, ABT is
4.63 °C, WI21.72 C - month, AMT (annual mean temperature) 3.56 °C ; in the subtropical humid zone, ABT is 4.32
C, WI19.19 C + month, MTWM 10.69 °C ; in the Mediterranean zone, ABT is 5.25 C, WI 29.37 °C - month, AMT
4.46 C; in the temperate marine zone, ABT is 3.73 C, WI 16.14 C - month, MTWM 10.31 °C; in the temperate
continental zone, ABT is 4.01 °C, WI 21.47 °C - month, MTWM 12.24 °C; in the subarctic relatively matine zone, ABT
is 2.98 C, WI 12.55 °C - month, CI ( Coldness index) 80.88 “C - month; in the subarctic relatively continental zone,
ABT is 2.99 °C, WI 15.47 °C - month, MTWM 12.06 °C ; in the temperate zone of the Tibetan Plateau, ABT is 4.04 °C ,
WI 18.02 C - month, MTWM; 10.3 °C; and in the subfrigid zone of the Tibetan Plateau, /ABT is-4:18 °C, WI 23.1
C + month, MTWM 12.5 °C. 3) Of the commonly used timberline indicators, 10 C_MTWM ‘s only effective in the
temperate oceanic, subarctic oceanic, and plateau temperate zone; 3 °C ABT and 15 °C ‘s.month-W1 work well only in the
subarctic zone. This study reveals the heterogeneity and complexity of timberline habitats in the Eurasian continent.
Temperature differences of timberlines may be due to the lack of timberline “species like Abies and Picea in the

Mediterranean zone, drought and precipitation deficiency, mass elevation effect, etc.

Key Words: timberline elevation; Eurasia; climatic factor; warmth index; annual biotemperature

e LRGSR L b B AR 5 1o LU 2 ) B e T, DA AR AR 20 iy e LR D, AR R L 3R AR . B T
RJE B B S R B PR I REIR | 1 SR ARER B A7 AE AN A R B2 SR SR s il IR i 5
AR PRI OC R AT B T HREBRARAFAE 1 A BHAE 2R AL 0 TO ARZ X AR A iy S ) PG I8 A& AR Ak K
REMAEE

R X | SRR AT B A 1) 1L PR E S T T B PR AR AR AR R B AR A E R DR LR SR
B (IR ) 2 PR AR M ) fen LUl DX 4™ e ) OGRS o A BRAS )t X AR TR B 1A T L R B, T
TER A B A BRI, ARER 7 B AR R IR 4R SRR AR D S IR 4R, L et TR
FE10 €U AR AR EES CURR RIEFRE 15 ¢ - AU AR 6.4 €A DL TN AR Lk
DB AR BRI B AL B A S LR 7 T AR I B A, AR AR TR R I 5 s e 1 I I X
RER i B2 4 ] E R AR 5 s 22 RUBE A DG 4 A 2 81X AR X il 722 A iy e 17 I AR Zhe v iy, TR7 B0 St A
AR RS 7ML E SRR 2R R 22

SEBR b S EREEAALE TR A M BGEAR I ) S5 PR R B2 AR 0 AR FAT B R X s S, A
AT T B DX PR AT 1 SR A 22 35/ IMEL H e 20 T iy AR T 8 Z ik i 3, H A fR s /N0 ik
RRTE PR IR S T 1y PR 3R 0 0 B X2 S . R A B, R T IR 22 R L0 4 R 1l IXC | S 0 AR &) 1 1)
AT QB R B  5 25 22 JUMR Bl e S X N, 3 2 B R S T 38R 05 XUk A S ), JR 5 T b
g AT AR AE R K T 5 W T A X P, R 2R R 2 O 1 B 5 3 A A R R BRI T AR AR R
AR ML, PR TR B S B T 2R, A R AR R L AR A Rt A R 6 10 ¢ (HE G L
Hiu e BT R T BB 2 5—6 °C 2 0 TR 26 AR A H JREE nT Bk 15.8 ¢

R, B T BT S ARE A AR A DR I SRR R R AN R X AR B T b 1 2 M | AT bR = 2 S IR 7
10 DI 22 S L W A2 BT A, (R SERTITT a 52 BR T AEAS i 20 Tk B AR 2 il B8 ) IX sl 22 5, 491
n X A ERREE i B AR 5 R AT A 5T, Jobbagy Fil Jackson AUAE 115 AT Rk B g , Korner {{fif
FH T e S LA AME) 46 ASMREREUIE ™ | Toik i Wi 98 s S ARk (1 R bR 00 5 0 5 AR B B T AR R A7 A

http ; //www.ecologica.cn



14 BATF A DO il iy LLARER LS 19 2 Sk 23 A 265

(1 o) P S5 TR, SRR 1) Z M 1 R L 2 A R T AR A7 AE O TRLEE AR 1 DX Jsl 2 51

MR K 2 5 B R FRBE B A2 % B KR, A 5 e R IR S 2 MM Rl . X L2090
O3 AN R L A SCRR A, AT S 20428 0 0] Pk e S04, AR R R PR TR E DX Il 2 S P ) S i . AR SO
J iz W B MR e B Rt A At A S3RHR BE BERE,  Wir BRI R i B AN ] AR A X (02 Kosppen-
Trewartha AR 28 R GE 9 P RRIE UM X 0 SR T A Xl m 9 A0 DX T R Rl P R 2 P e
DX IV FE R T T TP 1 R A e =00 X 8 i oy 60 I T iy A0 IXC ) ke v J3E R TR B (9 O 3R, o A [
DX I e PR o BB 11 32 LA TR 7, LG R s R T B IR 3= 2 A TR 1 Y AR A AR 2R

1 HIEFMFE

1.1 HdlEkIR oA

AR SCH FH RS e B A5, 2 BORUR T 45 2 L & N T R 2 A RE A SRR Ly il T AT SOk, PR Bl 11
WA TE B 1) ARHERE S ARG A T L AR L PRS2 22 18] ot 9 bty | B A s ad )
EBRB A AR AT 3m' 7 5 2) SCHk T B AR BIARZE LB S AR T 3m m0% 2k DL AR AR Rl
VAT e L A A B v LT A A T 5 3 ) S T B L T AR i G A MR AR AR R R L T A 24 K T
200m" > 5 4) F 452 AR BRI ANARA 00 A A — S JRy b ) 2 i P ) = A 5 T 5 e AR ) PR
2R, PRGBS L 1) 385 AR SCIR R AR 1 LA R AR T 1 1R 5 20) A SRR A i B Oy 1L b R — Bl —
AN 1] B ARZR T2 B 400 1) T SRR R 5 3) SR AT B e MR I, AR T ARk A A5 P Y
R R W ST AR Y BT M SR SR BRI KR 2 410 A ARERBOE , B 5 T LT
JIFA o R L bR, AR s B A & 1 IR

P

60°N |-

30°

o MREEHE R
Hf/m

B 0500
[ 500—1000
[ 1000—2000
[ 2000—4000
0° - I 4000—8000
1 1 1 1 - e
0° 30° 60° 90° 120°E

0

1500 3000 km

1 BERIEKBE 410 M EBIRE RS

Fig.1 Distribution of 410 timberline data sites in the Eurasian continent
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Fig.2 Distribution of timberline data sites in the different climate zones of the Eurasian continent
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Table 1 Minimum, maximum, mean and standard deviation of climatic variables at timberlines in the Eurasian continent based on 410

timberline sites

SAEFEAR Climatic variables

geitmi

Statistical items (OCW_VH ) (OCC_VH ) ABT/C MTWM/°C MTCM/°C ART/C AMT/C
fiz/IMA Minimum 3.94 8.65 1.86 6.95 -46.31 7.70 -18.21
KA Maximum 41.93 286.93 7.27 15.64 2.21 55.90 7:27
T Mean 19.10 77.96 3.94 11.27 -11.73 23.00 0.09
¥R Standard deviation 1.23 5.10 1.12 1.81 8.95 9.58 4.32

WI, warmth index, JRBEFE%EL; CI, FEX 54X, coldness index; AMT, annual biotemperature, 4F4: %R & ; MTWM, mean temperature of the
warmest month, fi#H IJE; MTCM, mean temperature of the coldest month, ¥ H I&JE; ART, annual range of temperature, “{LH 525 ; AMT,

annual mean temperature ﬁzﬂjiﬁl

2.2 ARIRIAY A5 X ARG R 22 S o i
221 PAFIRIEAE X

KTV K i A PR 8 L0 A7 1 5 SRt L 0 Ay S ) L e o) AR 42 IV P VR A I B4 L b 1] P
BRI B AT B4 IR RITED BE PE R 1L b, PRER B R 3600——4200m ) G2 i XOBRER 37 AR UfE
ZE B/ 3 AN AEFR PRS2 ABT, W FI AMT, F-Y{E 53512 4.63:°C,21.72 °C - HH13.56 C (3R2) , RIHAKRZ &
BEA AT B BRI R 74 ABT: 4.63 °C ,WI. 21.72 °C - [ ,AMT: 3.56 C .

x2 AFERSERMEZLSEERNEHENREE

Table 2 Mean and standard deviation of climatic variables at the tropical humid timberlines in the Eurasian continent

i FEAEL SABEFERR Climatic variables

Statistical items Sample (T el ABT/C  MTWM/C MTCM/C  ART/C AMT/C
number ¢ H) c-H)

SEH{E Mean 21.72 38.96 4.63 10.70 -4.83 15.53 3.56

L 39

FRifE2 Standard deviation 0.87 1.22 0.75 1.45 2.22 3.05 1.10

222 AR IE M X

P A Ml DXk 32 B A3 A PR TR [ 23 04 YE T] LA R M DXRN 65 728 1 DX LA B H A B9 i 3508 A I A0 W 1 A X
R BE M H AR kurobegorohdake Y 2450m ) Z I PHALREWT L X (4 4150m' ™ | ARHEFR 3, KRR fE 2 fe
/NEYFE RS SR ABT, WI FNMTWM , SEH2{E 50718 4.32 °C 19.19 C - A1 10.69 C .,

®3 THRFRESEXRELSBEERHEHENRES

Table 3 Mean and standard deviation of climatic variables at the subtropical humid timberlines in the Eurasian continent

Gii o7 FEAEL SAEFEFR Climatic variables
Statistical items Sample W e ABT/C  MTWM/C MTCM/C  ART/C AMT/C
number (c-H) (c-A)
S Mean 19.19 45.44 4.32 10.69 -5.73 16.41 2.81
15
FRMEZ Standard deviation 0.93 2.39 0.81 1.49 4.10 5.03 2.06

223 Hiig A EIX

b R A XK, 22 A A BT /R AT L g S LU A SIS 7 G R 1Ly | B R T 5 PRk v B AIE
S G A IR} P 52 5 19 Monte Cinto f9 1750m FH8 E 45 i Mt. Olympus (4 2300m'™ . 415% 4 F/R , i1 X
PR /N S MRS AR ABT, WI & CI, HSE ¥ E 405 5.25 °C 29.37 °C - H 35.88 C - A,
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Table 4 Mean and standard deviation of climatic variables at the mediterranean timberlines in the Eurasian continent

St AL SAEFERS Climatic variables
Statistical items Sample W/ v

number c-A) C-A) ABT/°C MTWM/C MTCM/°C  ART/C AMT/C
SEA4{E Mean 29.37 35.88 5.25 13.30 -3.45 16.75 4.46
FRifEZ Standard deviation I 0.90 1.03 0.71 1.19 1.55 1.25 1.10

2.2.4 AR IX
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Table 5 Mean and standard deviation of climatic variables at the timberlines of the temperate marine and continental zone in the

Eurasian continent

) SEX (FEARED S A8 R Climatic variables
gt
Statistical it Climatic zone w1/ Ccl/
otatistical 1items ~

(sample number) c-H)  (C- A ABT/C MTWM/°C MTCM/°C  ART/C AMT/C

F-H59{H Mean TR 16.14 52.77 3.73 10.31 -5.88 16.19 1.95
FRUE Standard deviation S (67) 1.00 1.49 0.74 1.46 2.58 2.35 1.63
F-H5{H Mean TR R 21.47 94.93 4.01 12.24 -16.27 28.52 -1.12
#RifE 2 Standard deviation A% (55) 0.98 3.10 0.75 1.31 4.99 1.04 2.41
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2.99 C,WI:15.47°C -JJ ,MTWM.12.06 °C .
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Table 6 = Mean and standard deviation of climatic variables at the timberlines of the subarctic marine and continental zone in the

Eurasian continent

G: v SR (FEAEL) SABEFEFR Climatic variables
ét " t'\ Vit Climatic zone w1/ Ccl/
atistice. 1tems ~

p (sample number) C-H) (T ABT/C  MTWM/C MTCM/C  ART/C AMT/C
F-45{H Mean AH 12.55 80.88 2.98 10.16 -10.51 20.67 -0.69
FR#E2 Standard deviation S ME(14) 0.35 0.55 0.33 0.58 1.01 0.99 0.76
F-H5{H Mean AR R Bl 15.47 162.28 2.99 12.06 -26.88 38.94 -7.23
FR#E2 Standard deviation S5 (56) 1.29 4.62 1.06 1.54 7.43 7.18 3.87
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Table 7 Mean and standard deviation of climatic variables at the timberlines in the Tibetan Plateau of the Eurasian continent

. BARIX (BEAKD) SAFEFEFR Climatic variables
ét' G ‘t'\" | items Climatic zone Wi/ c/
atistical items (sample number) - 1) - A) ABT/C  MTWM/C MTCM/°C  ART/<C AMT/ G

FHIME Mean e AT 18.02 52.71 4.04 10.30 -7.17 17:47 211
FR#E2: Standard deviation S5 (83) 0.88 1.94 0.85 1.40 3.45 3.48 1.96
F-34{H Mean o ST FE Y 23.10 82.43 4.18 12.50 £14.19 26.70 0.06
FR#fE2 Standard deviation S (24) 0.93 1.74 0.96 1.39 3.18 3.15 1.94
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