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Abstract: The alpine timberline has been considered as a “monitor” of climatic change because of its sensitivity to climatic
factors and non-stability in its structure. In this study, we investigated the eco-climatic characteristics at the alpine
timberline of smith fir ( Abies georgei var. smithii) in Tibetan Plateau using continuous data collected from micro-
meteorological station. The results indicated that at the smith fir timberline in the Sergyemla Mountains, annual mean
temperature and relative humidity were 1. 3°C and 79. 4% , respectively. Annual precipitation was 892. 6mm, most of
which occurred between June and September. Mean temperatures for the warmest month and the coldest month were 9.4°C
and -6.4°C, respectively. The annual bio-temperature, warmth index and cold index were 3.1°C, 11. 6°C. month and
—55.9%C. month, respectively. The growing season length was 133 days, and the seasonal mean temperature was 7.7°C.

The continentality index and moisture index were 34.0 and 217.5, respectively. The warmth index at smith fir timberline
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was close to that at the upper limits of Qilian savin ( Sabina przewalskii) and Himalayan fir ( Abies spectabilis). Moreover,
the mean temperature for the warmest month, the annual bio-temperature, and the mean temperature for growing seasons at
smith fir timberline were very close to the averaged values of alpine timberlines across china. The mean temperature for the
warmest month at alpine timberline in Sergyemla Mountains, 9. 4°C was also close to the averaged value in the world
(10°C). At the Sergyemla Mountains timberline, the mean soil temperature in 10cm depth during the growing season was

6.22°C, which was close to the averaged value ( (6.7 £0.8) °C) in the world observed by Korner.

Key Words: alpine timberline; Sergyemla Mountains; smith fir; warmth index; climate
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S ARk B LA FE B — YT Rm ” ) , Komer''* 45 T £BRE AN X AR A TR YR, A 0 #B BRIR BE 15
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N7 AL TR P R A VLR B S v L, J8 75 R v L L 1) T e R AR Bk, SEIEETE AR 5200 m, 3
WEFEE AL S B SR ILEEG TR BN, 2005 4 8 H o E B2 B T 5 = BT 58 BT 8 AR B v 1L PR
S E A ZEhr L Y3 P BRBBEIRE ST T — B I8 A% 3t S R v L PR S o S 36, A ot 19 3t L7 B Oy : 94°36/38"E,
29°35'59"N, ¥4k 4320 m, (L FEZFER LA SRKE R AZMWAR AR LR, #E4b K /N 100 m x 100 m, 3 4]
Vb, PR L 37° 4 . EREHLIN, TR AR E A B — AU SR KB AL, B A TIREGA B 459 #k,
SEHIRg4E R 35.6 em, FEKE FEE R B EY( Rhododendron wardii) , 1434185 ( Rhododendron pingianum) | 11j
H: M ( Salix oritrepha) \YK)1| 25 BE T~ ( Ribes glaciale) VG g #EMk ( Sorbus rehderiana) 55, ¥AR)Z FEAFEM 2 E
(Ligularia fischeri) . VG J& ¥ % ( Fragaria nubicola ) . H & & ¥ ¥ ( Geranium pylzowianum ) . & 7% 5 & &
( Pedicularis trichoglossa) ¥k 23 ( Polygonum viviparum ) 15 B ¥4 ( Veronica ciliata) | E B 5 304 ( Androsace
bisulea) % , T 2RKBERAZNM L A WIRECH 141 B, SFEE B 0.70 mo A3 138 LIRR MEAR IR
HE, L ERJE, pHA ~57
1.2 SR8k

TEFE AR AR LY 25m MR B FiRSL T —E BRI RS, % RS K B G5 Jauntering /A 7]
(http://www. jaunter. com. tw) , WrillIH H A SR AERHEEE IR LR E | HERGEE AR KR, BE
FEH PP R AR RAE T IE P AT 1E 00, ZEBEHE R 5.20 cm H160 cm 3 NZR b, H R LR EM L
BEHGE B A RS , ETOR R Y T R B BT — M UEREEE R 0. 2mm TR, B KR WM RS
RIRER IS RS HIER 1. REREXN IZEHRE 15min RAF 1K, B/ B St B IR BN
18, 08 IR B A 7E B0 SR R 4% (BL5 . HI20, 5k B & ¥ Jauntering 23 ] ) FISM LR FA74% = (515 . EESM512
solid state storage module) H7
1.3 SEERKITE

FIF A 3h S Gk ORI EAE , T8 T G FRLARE AL LT &I e dr ™ i M -

(1) A B (Mean temperature for the warmest month, MTWM) ;

(2) &% A B E (Mean temperature for the coldest month, MTCM) ;

(3) 4315 ( Annual mean temperature, AMT) ;

(4) KB %% ( Annual range of temperature, ART) ;

(5) 4FA: MR ( Annual biotemperature, ABT) ; ABT = 11_22‘i JERH 1 T 0°C 9 A TR, R ¢,
>30°C , £, =30°C ;

(6) EIESEHL( Warmth Tndex, WI): W1 = 3 (1, - 5) 205 1, kT 5C i H AR5

(7) TG Cold Tndex, CI): €T == 3 (5 —1,) 585 1, J/NF SC A TR

(8) 4 K% (A HIEKAT 5CHIHFE:) T3 (Mean temperature for growing season, MTGS) ;

(9) A=K Z=K & ( Growing season length, GSL) ;
1.7 X ART

(10) AR K =LKL 20,4 stab L 021, ART Sy CIMAF % K (R, KR HE R
(1) MEHHC Moisture Tndex, M1 MI = 3" (P/2-1) 3ol P, Jo I PARIEAF ST 07 6310
Wk i 1 PRI ACT S°C 00 G001 TASS0R 0 A TR RT S 1K
2 GREM
2.1 AR BT
PERHAR AR DRI 3 B ORIE B RO K, 4 R 5 BRI R RS R e
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B SAHNEERK, B TESFRIESE, RIEFEH AR B 3Gl R 220, A 2006 4£1 7 ~
2006 4F 12 A , 24 F¥SEN 1.3°C, K 12 A0 FHRERAK, K -6.4C,7 A FHREES, R 9.4C
(K1), FEEMAMER HFHEESH -10.2°C(1 A 26 H)F13.1°C(7 A 18 H) . 24 MR
BERT9.4% 2K AR H 892.6 mm,H A 6.7.8.9 AW E4SH]7:142.0 mm ., 148. 6 mm . 88.2 mm I
119.4 mm, 5 2 4EREKER 56% (B 1) . 5ALF ILMMARZ K50k (4K 3000m) A7 L, 4 FH<RAK 7. 3°C,
7 ABFESIRAK 6. 4°C 58 A FHSIRER 6. 8°C  [HAEM/K BE £ 215. 4 mm, SEBHILARLE™ (K
3900m) #H L , A 3SR 2. 0°C (HAERE /K B EE /> 241. 5 mm, X2 B A 220 1L AR 3 58 5) 52 31| B B AV 1
SR, SEREEKBEL AL . ARRERN 3K ARG E 2 Fin, /T, SZE T EHE,
HELIENRE B EMHGEREIE R, 6.7.8.9.10 A5 MM, HIEREREA FEOCU L, HEHKHY
EOCLAT, 6.7 Aty HITRHER, 7 AP A ERFEERAME. M BEHIERENS, RF6.7.89 A4
MR A Ed R R T, MHEE A, DIEEAR FEH TR EBERE. BRhS5 AK6 AW, ERHRSE
HIRR AL SEEE , FRE XK FHAR S 0 ROHE R 2%, R B AR S Rl AL 5 7K 7 A 138, BRI T G )+ 33 R0GE 2 0 1
B 2R Bk B AR BB (B 2) 6

®1 AWSKHERFENTEREBBHFR

Table 1 The items measured by auto-meteorological system and the sensors

W35 H Items measured AL A8 44 Bk Sensors’ name fEIXZR A5 Sensors’ type J~ %€ Manufacturer
K 1R Temperature (°C) Rk TRH-S £ ¥ Jauntering 4\ F]
FAXFIREE Relative humidity (% ) IRk TRH-S 415 Jauntering /23 ]
+ 3R B Soil temperature (°C ) BBk 111N 415 Jauntering /23 ]
+ B B Soil heat flux (W m~2) P F R HFPO1 £ ¥ Jauntering 4\ F]
+ BB Soil moisture (% ) R SR S AQUA-TEL-TDR % [E Automata /3 H]
[%FF Precipitation (mm) WEE 7852M-AB 415 Jauntering /23 ]
15 — - 200 -1 95
o m—0
—O— Al
-1 90
10
150 _ ;\;
= <
5 ER P
Z = <
L £
£’ | 2
g £ B
g 100 -5 - 80 -2
£ 2 =
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-1 70
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Bl ZRKER ARSI IR BE WK SR BE
Fig. 1 Temperature, precipitation and relative humidity in the experimental plot
2.2 MRERHIA TSRS B LR
FIFAAREAL A S ER BEFIA Bk BHAE , 20008 T AR T S8 IURFE b - B H F IR EE 9. 4°C (7
A4y % HFEEE -6.4C (12 Afy) , 43R 1.3°C, IR 15.8°C AR EYIREE 3. 1°C, BRI
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Fig. 2 Soil temperature (A), heat flux (B) and moisture (C) in different depth in the experimental plot

11.6CH , R -55.9CH A KFFHRE 7. 7C , A KZFKE 133d(5 H25 H ~10 A 4 H) , Kk Eds
$134.0, 1 1ETE %L 217.5,

BEFERILERKER AKX SEERTBERS/NLE LS FRFHS6E ERHELEER(E2) , FEA
AR FE ER A ZEhr LR IR B P SR — 2, MR IR E R — L&, XA KB N AFRILARL RS
R E/NAE IR —2, MAEAKFENLFHNE, IR /NG LR L%, B EER IR RS
TR/ E BN, WS, /DA WR S MRF s, R AT EIEARZL A B HAICTE A2 B
HIRBE TR FANEIE R B S B RIL N 2R K ER R EB IR (K 2) .

®2 6 MBS EROSBERES

Table 2 The climatic indices for 6 tree species’ upper limits

R MRERAHFIR R (CH) FERHE(CH) T 4R 5
Species Altitude (m) Warmth index (“Cmonth)  Cold index ( °C month) Moisture index
14T Meyer spruce 2600 18.1 -122.8 224.0
L& M4 Prince rupprecht larch 2800 13.7 -132.8 214.9
Z1#E Chinese red birch 2750 14.6 -130.0 179.1
At Ribbed birch 2550 19.3 -120.4 179.1

[ ##E Asian white birch 2550 19.1 -120.4 152.1
2R KA ES Smith fir 4320 11.6 -55.9 217.5

EFF Picea meyeri, %6t M4 , £L¥E Betula albo-sinensis , FikE Betula costata FI ¢ Betula platyphylla %0k AW AL/ DA 1, R T2 %
%213 The data for meyer spruce ( Picea meyeri) , prince rupprecht larch ( Larix principis-rupprechtii) , chinese red birch (Betula albo-sinensis) ,

ribbed birch (Betula costata) and asian white birch (Betula platyphylla) from Yu Pengtao’s paperm]
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T BT RE 6 L ZRARR AR 11 F
S FEHFEH R A BR A IR BE 4 5, 3@ X R B,
AT AR KA AR RSB S i
HUERAR B FH AR & B A (12. 0C H) M B SRR #2
(13. 1°C A) B9 L BRE 3 , R T P51 F T2 9% -
KRB FEA . SRRKEBRIEZMEALL, TFEH
SRR b R B 3R B 1 R K (181 3) . XIE
TPV IN Ay « TG S IR S R A B A R R
¥l 8 ~21CH , ERHH I -93 ~ -62C A,
WARKEAEHLRRIESRE T LRV, L
B(-55.9C A ) R —Lk, X2 PR A 10 FEIE I\ B ) A
WIEMRLR DL b, R IR 1 B AR Rt R A B
2 AR R SR TS BTE 210 L B MR A
TSR, EABIFEH , Rl A KR R
IR ECH 217. 5, WA R ZSURFEANEEIL

WRIEE B BT, 5L B AR S ARk b
FREIRBEFEECH 15CH , WI{E < 15°C H R FRHR AR
BT, R P A R Lt 2R AR L R 2 AR
Py WISF3E N 15.2°C H , T E R F% 00 W=
14.2°C A R— A EERESR. MEARTIH, HK
FIEARE R EFERILRRRKEAR KL WY
11.6°C A , [H AR S B i Bt T SRS AR B RE 1)

W
S

'
(=}

w
S

R %L
Warmth index (°C-month)

[5%3
S

(=]

(=]

i |

567 8 91011121314151617 18
45 Species No.

123

B3 FE 6 ML AR FN (No. 1 ~6) \11 /NG FEH 5 -4 R
(No.7 ~17) FIAHF I 2 R HV 42 (No. 18) | FR i I B2 5 5K
(HfE = FruE)

Fig. 3 The warmth index (mean + SD) at the upper limits for 6
mountain tree species (No. 1 —6), 11 subarctic conifers species
(No. 7—17) and smith fir (in this study). Except for smith fir, all
data from Fang Jingyun's paper'?*!

G5 1 ~ 17 Pk REIAR R 43 518 B D RLHEYS £2 Abies spectabilis,
VE4E A W 9% ™ #3 Larix sibirica, K 3 41 ¥ Larix potaninii var.
macrocarpa , K IR #1 Sabina tibetica , ¥ 3% R #1 Sabina przewalskii
JiKitf Sabina saltuaria, B 111 ¥ ¥ Abies fargesii, 5 ¥& ¥ Abies
ernestii , K ALVS 12 Abies georgei, RIS K2 Abies faxoniana , )| JE¥ 12
Abies forrestit, )|| PG = k2 Picea likiangensis var. balfouriana ,JZE B =
42 Picea brachytyla var. complanata Wi L. = ¥ Picea likiangensis , z=
#2 Picea asperata , 8 52 7542 Picea purpurea , 4142 Larix potaninii; [
18 4h, ek R = P —3C

MR BE . X ULHA R IR THE U IE R, S8 T REREH RIGT &S TRAGEZRHEMX . NFRETE
FIRE, 5ERFE ARG AE 137 M O AA SR BRI (£ 3) , B FRII K SR K
R B A IR AR AE YR B RZJFIRE 3 MEtn 5 £ E & ILARL R E 0508, &%
AR AEER AR AR R bt 2 B (AR =, R TR R B L E (AR AR PR B B P R <
TG PR LI 43 b B o = 3 A K, BRI b M 3R R B R, FE R IR AL, SERE K B 2 kR
900mm , [ AR Ab At BEHE BURMIR , 40 F 4 MEFE B A T FRIHL . 3P i3 5 AR =
B SRR T A KBRS B T W =14.2°C H 250, BANEANEEIEHF A E YIRS, 5°C ik

%3 BFEHLARKESURLREERS R ER WHKSEEIEREa 3 L]
Table 3 The temperature indices at timberline in Sergyemla Mts. and their averaged values across China!'’

TR B AR

Temperature items

e H IR EE Mean temperature for the warmest month (°C)
%% H IR Mean temperature for the coldest month (°C)
EHIR Annual mean temperature (°C)

SIR4FE$2 Annual range of temperature (°C)

AEH: YR B Annual biotemperature (°C)

T BB 45 % Warmth index ( °C. month)

FELT5%L Cold index (°C. month)

He K Z= IR BE Mean temperature for growing season ( °C )

F i BEFE %X Continentality index

L EBE SRR ML
Averaged value in China Value at the smith fir’s timberline

9.7 +1.60 9.4
-11.0 +£5.60 -6.4
0.1+2.85 1.3
20.7 +5.93 15.8
3.5+0.96 3.1
14.2 £1.13 11.6
-73.0+3.08 -55.9
8.2+1.13 7.7
43.2 +8.59 34.0
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KEFFIRE 8.2°C , AFRIIML K EIRPM 8155 2 E K EERY &

MEBREERTE , — Mk FIARE R BE 5 BT P IR 10°C A — 0, L AR B PR K
9.4C(7 Afy) SeskHERMREIERN . B TIRBRIEBMIERIEES , BRI B2 578 BT 78 .54 1L B F 5
H#3R >5°C FREAE 100d LA EBE B IR > 10°C R BE 35d U SRBEBIMRE R A B, idad o
IR KR AL B R GETTRI(E 4) , B >STHRRBA S H 25 HRF2E2] 10 A 4 H 3431 1334,
Hrpsga >S5CHRECy 127d, FIFT/R B3 1L A S5 REEAHLL ; H 2938 > I0CHRTBAN 7 A 1 H$F43] 7 A
21 |, 39t 21d, o sg 4 > 10°C R By 12d, SRR BHT AR, @FHLL > 10°C KRB BT & K
—F,
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K4 GEFRINERKERIZHRE HIHE >5CH > 10°C R B
Fig. 4 The periods of daily temperature >5°C and >10°C at smith fir timberline
A:2006 41 H 1 H ~20064E 12 A 31 H;B: 42006 4£5 H 1 H ~20064-11 H1 H A: from Jan 1 to Dec 31; B: from May 1 to Nov 1

2.3 MREM LR BERE K HLER

F TR R A K30 77 75 2 A R M L A R IR B, T ELAR 2R A0 A K R e 4 2 26 A A ot 343 o i
K, B TR R SRS i, 3R — B B e, 78T /R B 87 1L H #R#) Tirol 1 IX, A BT &
B ARG AbHL R Sem 1R > 5°C Y REE 128d 4, it xR 2R K AR AL T Sem
THERESIT R S) , A #F Sem R >SCHINBAT A 1 BIFEE, 210 A 6 Hik,3t3t 98
K, BB /R BLHT 1L Tirol #b X 58—~ A ZE 45 , Ul B 620 1L 3 DXOPREZR X - 3818 BE 4% 1 () 23K Ee B /R B 1L
) Tirol 3 [X BLAIk—L& , 2004 4F Korner 1 Paulsen' ' 42 H AT I 3. 2°C 1 H IR B (3B F 10em HEEE) BIE R H
ERFMATF KA TS 1L A K B, i TASC I B W 10em BRI A9 + 3838 5, (B4 Sem 0
20cm FYASTREE 1) W B , it SRR R B 10em R HHIRE . EAFHILSRKEREMHLL,
2 10em REM R ES — @B 3.2CH BN 6 A 26 H, —HR43 10 A 9 H, 33t 106d(E 5),
WSR2 B8 Komer Fl Paulsen )77 ¥ g (2 Hir 11 A I KA MR A A4 K 2 (3%, % E K 2 6 A
JEZE 10 A LA %ERZAKTFSIER 7.4C 4 F Komer 53 #95.5 ~7.5 CLBRETEE N, R, &
KZ MK 10em FEE RN 6.22°C , t13iE Komer ZE31#9(6.7 £0.8) C L3R E 2BRIME , TR
B -3, 13CHAIEKZBRKE 106d thb TEBRFHEK— MREETERZ N (F4) .
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Fig. 5 The daily soil temperature at smith fir timberline

A: LT Sem BREE HHEWREE ;B ML T 10em YEEE HIEIREE  A. at Sem depth; B: at 10cm depth

F4 BFHLIRKERLEHRETEEE( - 10cm) E2RAETEMSEXHRLAILE
Table 4 Comparison the soil temperature (at 10cm depth) at timberline in Sergyemla Mts. and other biome in the world

& %ﬁiﬂlﬁ ﬁ%}.ﬂﬁ KEHE BHA B . HKZKE(d)
Sites Minimum Maximum Seasonal mean Mean temperature in Season length (d)
temperature (°C) temperature (°C) temperature (°C)  warmest month (°C) g

AR G AR -2.70.7 10.3 +0.6 6.4+0.1 7.7 £0.1 102 =1
Subarctic boreal forest
Jt 77 &F K Boreal forest -4.8 11.0 6.6 8.5 106

IR T AR . -2.5+1.8 12.5+1.4 7.0+0.4 9.2+0.7 13510
Cool temperate forest in Alps
TR . . -7.9+2.6 12.5 0.1 7.8+0.3 9.3+0.3 128 +3
Cool temperate forest in Asia
TG A . . -3.2+0.8 10.6 +1.4 6.5+0.7 8.8+0.1 142 1
Warm temperate forest in Asia
W2 FRAK Subtropical forest 0.6+1.3 9.2+1.0 5.9+0.7 6.6+1.1 221 +21
HHFFRAK Tropical forest 3.2x1.9 7.2+0.9 5.6+0.9 6.3+0.9 348 +24
P F R BT A -1.9+1.0 12.9 £0.2 7.8+0.1 9.4+0.0 153 +0
South temperate forest
IR . -2.4+3.1 10.8 +1.8 6.7 +0.8 8.2x1.1 167 +77
Mean value across biomes
BRI -3.13 7.89 6.22 6.78 106

Timberline in Sergyemla Mts.

W 8 Z2 0 LI ARER 2 SR A BB A + FRvE S, S Be %045k 1 Komer 1 Paulsen!']

from Komer's paper!'*!

H T Komer ZE31#9(6.7 +0.8) CHBEREIERL G V3 T 23K 46 ML R

except for the data in Sergyemla Mts

— 3¢ All values are showed as mean + SD and cited

MR, SR

SRS HT B PR AU SEA R SR, O T AR T R BRI S KB AR LR S 2 BRI
S A W AR X RS SRR BERHIE BB AU, T R BRON [R] A A X AR A B 2L 1L SR KRB 2R ER
MR A (3R 4) o T BRI, R I SR KA ASARE S IR A M AR R i) - 3R IR R B4R
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SR, JEHSRAE KR Z IR A A K Z K B B IR AR AR T, (H T 3 B (IR B e v VLS R R ) I TR ZE L T
OB HARARE I 16% 23% F1 12% ; BAREZERL L S RK B IRK I E K KB 5007 5 ARk
—, [A2h 106d , EERARIR A LG & & 35% Zefh s BRI SR KB AL R LIERIRRE -3. 13CH
TEINBERAARE I — 3. 2°C 204 ; BAR AL 1L 2 ARACHIV A2 PR 19 A2 4K 28 BE A B T R FRAR R BT
FRMRAREH) 172 A1 173 (HEMGAEK S TIRSRA LG E RS, TIEREHA IR 6. 78°C 5 F#H #RAK
PRERH) 6. 6 CAREUT , 2l LR BRARAREZR ) 6. 3CE 29 0.5°C . FEHIER , AT B2 Korer GEit i #i ZRARbK
LA IRIRERBEER B 3 M IRE I R R, B X R E A ARIE, 2 B L R AR AL
B, B5K b R K B S 55 , BR  LSBR BE IEAR K R 5 (B AR T R SR X, B TR, S, B2
R PHARS5R , KB RRR S B MR , SBOZMAMRE S 17 L5V 1R B H AR TE b X AR E BT i — 28

3 #r5itie

FEAR B 3 DX Bt 5 AR 3k s B R b X, SR SR AR A+ 40 B B b X, Sl B SR R Xt
X AN L SRR AR IR I, R BLZ AR SARAFAE AN T

(1) TERRERAL , AR 1. 3°C AP AERHR EE ) 79. 4% , EREK B8N 892.6 mm, 507 F LAY
MZ KLU, PSR IAARZ KRR 7. 3C, LR 2.0C KR AR Z KR U2 215.4 mm,
Ak /> 241.5 mm,

(2) BRI AR A2 PR TR R 16 2505 T8 WA LU 3t R AR R AR 2 (R A A0 B SR R 12 1 EFR
BN, MEMBRATIRE FEYFREMERSZVFHEE S 2R ILARL K FEE I EE. ek
WHEE , AR R ILARKEHAA FEIRE 9. 4C 52RYE 10CRER, HIYIR > 5C Hyu B /R 257 1L
MRELEEAFHIE

(3) B FRLIIAMRE RN 10em FREE HIEIR Y 6. 22°C , Hlr Komer G211 #(6.7 £0.8) C 4Bk
o HAKZE DERAMAKFERES WA MRS B R .

(4) MEFRIL S RKBER ML T ,#% Komer Fl Paulsen F] 3R BE > 3. 2°CR A EAKER, £ K
ZTE6 AR T ARIA TR, HIFih B % otk H iR > STRAEHRIE 1 M EAKSEERE PRARE
UL, 10 A BA) . TR AR g e & 8L, 76 S AJK 6 AW, M A KESIE LT ih. X
B, 5B B M XM L , ZE580AR B e 1 4K 10 8, ZR r LLPR R, AR B BB I B AR ) T3 IRL B2 o T Korner 21
#9(6.7 £0.8) CHIRIREELBRIME, tk/Dk B F# R R = IESORE LI -
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