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On the relationship between tree-ring and cumulative temperature in moun-
tainous area of Urumgqgi River and reconstruction of =5.7 C cumulative

temperature

YUAN Yu-Jiang', SHAO Xue-Mei?, WEI Wen-Shou', HE Qing', YU Shu-Long"' (1. Institute of Desert
Meteorology, CMA, Urumqgi 830002, China ;2. Institute of Geographical Sciences and Resources, CAS, Beijing 100101, China ). Acta Ecologica
Sinica,2005,25(4) :756~762.

Abstract; To study the relationship between tree-ring growth of spruce (Picca Schrenkinna var. Tianschanica) and the its
environmental temperature, 369 cumulative temperature series of 9 cumulative temperature types and 27 tree-ring index series
of 9 residual chronologies were made at the Daxigou meteorological station located within a mountainous area in Urumqi River
watershed. A stepwise regression method was used in the analysis and the results indicated there is a good correlation between
tree-ring growth and the cumulative temperature. A regression model were then built using the natural logarithm of =25.7C
cumulative temperature (==5.7CCT) and the four principal components of tree ring data, which can explain 55% of the total
variance of the>=>5.7C CT from 1962~1992. Cross-verification analysis indicated that the regression model is stable. The

regression model was further used to reconstruct the =5. 7°CCT from 1796 to 1991. The reconstructed data showed seven
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above and seven below the mean temperature, and there were six temperature cycles (3. 32a,34a,3. 84a.9a.4. 36a and 6. 53a).

There were two features that characterize the ==5. 7CCT: (Dthe frequency of partially cold year is higher than that of partially

warm year,and @ the frequency of warm year is higher than that of cold year. The two warmest years occurred in 1917 and

1944, with the 2=5. 7CCT of 415. 6 C and 386. 0 C respectively. The two coldest years occurred in 1803 and 1961, having =

5.7 CCT of 26.5C and 26. 9'C respectively. The most rapid reducing trend occurred during 1806~1852, with a reducing rate

of 1.52C/a (at 0.0003 significance), while the most rapid increasing trend happened from 1958 to 1987, with a rate of

1. 66 C/a (at 0. 003 significance). Mann-Kendali abrupt-test suggested an abrupt change from warm to cold in 1835. Further

analysis showed that the reconstructed =5. 7 CCT data best represented the environment in the middle range of Tianshan

mountains.

Key words :mountainous area of Urumqi River; tree ring; reconstruction; ==5. 7°C cumulative temperature
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Table 1 The features of tree-ring sampling sites and the main statistical characteristics of residual chronologies in the mountainous area of the

Urumgqi River

ERRE

. DBY XBY XGS WLL HXA HXB ZED SET BEQ
Code name
14 Gully name AEHNW [N =L 7R RETEHE SHEHIFERAE REBAR BREBR FXREN FRAEHW  ERKHE
K% Longitude (E) 87°19' 05" 87°07' 02" 87°14705" 87°09' 20" 87°09 45" 87°10'55" 87°02' 30" 87°03'50" 8§7°07'12"
| b4 Latitude (N) 43°26' 06" 43°24'10" 43°16'35" 43°18' 35" 43°11'50" 43°11'05" 43°12' 50" 43°09'12" 43°08' 20"
¥k Altitude(m) 2160 2325 2070 2250 2345 2430 2390 2480 2440
¥ ) Slope direction NW-N NE-E N-NE N-NW NE-W NW-W NW-W NW NE
i B Slope(°) 30~50 30~70 25~35 20~38 30~60 25~40 30~35 20~40 30~60
£ Length(a) 195 242 327 200 258 458 373 260 364
I %)% Sample number 33 30 47 28 30 18 37 19 28
?iﬁﬁ@]ﬁ : 0.204 0.314 0.436 0. 302 0.263 - 0. 260 0.235 0. 289 0. 325
Mean sensitivity
vRAEE o 0. 181 0. 281 0. 367 0.293 0.233 0. 246 0. 205 0.277 0. 295
Standard deviation
— First-ord
BTHAX First-order o) 0. 069 0. 008 0.108 0. 033 0. 025 0. 021 0. 016 0. 010

autocorrelation

—Bms SEAEEREESRAREEMAY R (UHEWH KBEAMHNSHEYSENERN. SR BEEYRE -
ERBEHHETAERKEPE TEEFTAEYXERBENHEFYSEVNETEH.EFIEBESAEYFERBEENZNEREE A
SR 0 B BR8N A RBURDY

AXEIHBEBELHER E.£Z£4X LB ESBEAFMNLURAABNSRUEMNHIBERENEEABELN (AEHIAKXLZHER
HENFEG M TUTLAE: (DMZX3IHBRERMBERAS ARSI FHEHERREEIEE - RBREFRENMEH, R EHXK
R, COMKREREKEERZHEIVNER. MERBEHEIEEEIESAGEHEXR WAL GEHMTRERE —&N
5.0CH, HEEWBEM SHBRBHHEHUS.OCEAIRVMBEYDFTRAEAE . AEEBRO.1ICHT-4EPFTRERE . X#
—HiTE® 7.0C. BREMEBEY 3HBUBTERRHAE KNI AR RERAEEFEN 0. OCERKMBEYETREE™,
REBROICHTFT—4YETREE,XHE—HiTBEH3.0C. BEHESEEN IMHEBHUS.OCHENEMGELEYETRE
B REERO.ICHNT—HY* TREE,. XH-HITES 12.0C, BAHBR T RLUILESERFMEATHHSE N 9 #f
IR KRB 369 MR FEF,
1.3 WA
FRABRSEETESFHESEHFERERERANER, —BERRN: D T .=1G¢.t+ 1.0+ 2) . Hp. D T HE &
FBFS TGt + 104+ 2) HERERS t.e + 1.0 + 2ENERIBHFS . ABNERTBEH T SHRBEFIHBAMBLXRE
WABL 0. 10 B EWH /K. Hr B HHERBNEHEXRERBEN AR 0.7 KL b, CAKARHES B M S S KRFHILX KRR
369 MRIBFIE INEEHFERY 27 MERBEIFFIBIMZLEIRS. EREZBUKABHKRHE=5. 7TCHHELHREHN
SEHBEZS. 7TCHHB) ERREFEENXRRENEY.

mE 2R, SEREHKKEH =S TCHRBMHAXBFNERBEFIIEE 84, ENMNE5=5. TCHBEBHMBEMHEX RIS
FTO0I0MBEKE, BEAEXLELE 0. 798 HEMAX A RFHT=5. TCHRBEEN , £ 1941~1942 F, IR EZH
HERATHRE.ERAAFESERER. XTS5 8NMNERBEFIEEF -—ENHXXE, FEFRXBEFINIMIHRWE, L=
STCHHAVPHEBEENSRBEHRBEFIINFEHFRZEZRKAEPFEL=25. TCHRBRRMBE 3.5/ ,1976 £ 26C, 1977 FH
116 C;FERBEI 5. TCHFRBBRSE/NMIMEE 5. 15,1974 FE X 158.2CL1976 F R 26 COFMBE RN ER B AR EER X,
AR EARM X =5. 7CHBRBHTMEZTH . BFHRERRESBEBHN AN T EE L SN FREEF I ERY

R2 SXEASKY2S. TCHREBXBRTFNEEFERBEYIFT

Table 2 The series o lual chronological index having better correlation with =5, 7°Ccumulative temperature of Daxigou meteorological
station

HEFL S Code name XBY XGS WLL HXA ZED BEQ SET SET
J5 B %) Tree-ring index series t ¢ ¢ t+1 t+1 t t+1 t+2

M€ 2 % Correlation coefficient —0. 36 —0. 38 —0. 40 — 0, 44 —0, 42 — 0, 40 —0. 33 —0. 31
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Fig.4 The curves of low-pass filtering (thick line) and reconstruction (thin line) of =5. 7'C cumlative temperature

H R 196a KWK R =5. 7TCHREFFITIILTEREH K ZHBOBE KKHEHE 3 —F , S/ B R 30a,
BTERIERE N la, HTERARBHNZS. TCHESEMNRSHEEXAY, XAKEZFHN=25.7TCHEBR S BE L HRE 1806~
1852 F (47a) , /L FR HF 15.2C/10 F , HBAMHAEREIEL —0.515, BF/KFH 0.0003, REEFH 5. 7CHERMBE L HE
1958~1987(30a) , B L H L 16.6C/10a, X BN 0.527, BE K FiEF 0. 003,

HRfEMETH A EELEMH . XERAEZHBNADELE
R B R R B B9 Mann-Kendall 3, X KA ES R 8 = )
5. TCHBRFAHITRERN. Z£8 54, mK C1 #C2 FEigH :

1

2E 25 S 7- 1838 Abrupt point in 1838

{H 1.96(a=0.05 ZHAA—TEFNXR-HCl LHEE+ L o) 1Y ;..“:'1,."".: o ‘, PR
196 B R MG T — 1. 96, W AT LIIA 1 >5. 7CRBE 0. 05 9% 5 4 ||+ N\ ‘ - Cy
ERKFLEFETRE AERAHBRERSRRE,FEHAIN 2 —— -1.96
RBEEEBERE . FAXITRARERERN A dm. AE SR, 3| R | | |
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BRI . i 196 E KWK R =5.7CHBE K5 >5.7CEBEAEN Mann-Kendall 275 Ji

Z2F3 EEREHS . FEEF 3.32.34,3.84.9,4. 36 X2 6.53 Fig. 5 The Mann-Kendall abrupt change test of reconstructed ==
FHTHERY, EREHEHE 5P, XK 196 4F = 5.7C cumulative temperature
S5.7CHBERFINEHEMONT 8a WKIDA LS LT EM 59. 2 HF LMY 5.
2.4 =5.7CRBERRFY RN

RINUXZEAHEEENRBEKFEANERLFIH 1961 ~1991 FERININRNEMERTFIIZEN S NERYMWH FYEE
HRITEARBERE . BEXARKEN 25 TCHBERERAHRXRET, AR 3R . XEB=5. 7CRIBERFIIXN X 1L

b

T3 KAASKRE2S. TCREERBESKXULE ST SRUHSERENRELHEXER
Table 3 The best single correlation coefficients between the reconstructions of =8, 7Ccumulative temperature for Daxigou meteorological

station and the climatic cumulative temperature values for 8 meteorological stations in Tianshan mountainous area

3B AR AL KR R E v E HRBERBRCC) FH R FR B B EKF
Geographical Meteorological Range of limit Correlation cumulative Correlation Significance

position station temperature temperature coefficient level
K I PGB West part of i 75 0.0~16.0 15. 8 0. 635 0. 00012
Tianshan mountain iR 0.0~25.0 23.3 0.543 0. 00016
x 1) #1 Bz Middle part of EHHE W 0. 0~14.0 11. 6 0.727 0. 00000
Tianshan mountain /IR F 0.0~19.0 17. 1 0. 757 0. 00000
14 0.0~7.0 5.7 0.741 0. 00000
B 0.0~22.0 21.5 0. 812 0. 00000
¥ b 0. 0~20.0 17.5 0.714 0. 00001
K ) 7 Bt Eest part of Tianshan mountain [ B 0.0~20.0 17. 3 0.519 O. 00276

* AR I XLEMFRENZTENRET . EERAMBEEHEHIAEHE Maximum limit temperature could be confirmed by means of

calculation under the condition that too many cumulative temperature values were not equal to 0'C
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KPBRSBEWMHRBTAARERE IRVIDE A ARISBWEHNBREBEAMNEERT . KA EREHANE . FXRBSK
FHW=s. 7TCHBEERFIIMBREHXBREBAR SXESRENVNERBRERA —EXAR.
2.5 Wi '

B RBEAABNTEER ARKREX LA SEARAFNULEARLZERAERER , SRUEIFHETHFSR
BH=5 7TCHSERBHNXRENE. A XXRALEHEY . BER. HRKBEM 3IMBEEPR . LETHFHERE R —RE
BREWREARKNXEEY . XASHENEBEEHEERS A RMREBEERERESEM R E —XPERERFERE K HiK
F—RBEN 3SHERUEHFEAB.GEIRBEAERHREBPRUZEHFRERNAEREBRZRY, HIERH A 87 T &
B HEBAERELRBREEFE, BASBEREBER AT A RIEE A BHE ML HFYIIBE S, HPER KT A
BRBEMNELECENE RN, NS RAREEYE - EFRAFHREMEKETRETRSETAYFEERKREEN HFIRE
MR, ARFBEEEIRNBENEM LB Y EEBEEY*BREESZMNER.F3HES. 0~7.0CHER0.1CH 21
MERBEFHN S, U5 7TCHSERBES R EERERNLRNIRE XHHETTHAERER SR BRENRR
,CRAZETIHHEERHE SHBFBRAN IMEE LHRBEEABAML 0. 1CHERAIER WAR . o] LE YRR E
WARERPFASHHESSKKANNREBEE A TERBERNRBEGFHER. WA EAXWITEEENTTWARERAE
KE5HEREMWXR , BIE—FFNIHER, BET - NMeeW XA #, SHERERMAXREN B REM K HEKR
HARBBEFHESERAKHAR, XHFZBMEXHXKIERA HARANESEZFE AXRKRESHKRN=ZHERZ7 &N
FHSEEFHNFREEFHRBEBRRIXE.

3 #ig

LAk, RIBLT 4 REEE R

(DRILEGBARFFMIDEHMRLZEHNEERAOWRBRERS>S. TCHHREBEARFMAMELHE,=5. 7CHRBEREZ , W
AEETEEAKERB K. ERAXG—SHBERT . THATERERKN KRB D , MEBARTFRAERVERK,

QORINGBARFHMLRX KEHIRY 196 £25. 7TCRBRFIIZEBHAEN T TTMREE 7T MO BB, FHEE 3- 32,
34,3.84.9.4.36 X 6. 53 FF BRI =5 TCHRETHAEFR M EANML : —BERFEHANMERTMES, Z2RF
MR RLETAE, ARBNESS R 1917 & 1944 45,25 7CHIB 510 415. 6 CHI 386.0C, WA BB WEHR K
1803 4E J 1961 4F, =5. 7CHIB A H R 26.5CH 26. 9Cs B EM=5.TCHER D BH L WA 1806~1852 F, WAL EH
15.2C/10a, BB XM =5 7CHRBHE MG A 1958~1987 £, FEMERE 16.6C/10a; 5. 7CHB A 1835 £ 43
Hy B8 1) ¥4 B 2278

(=25 7CHRBEEFIIMN R LI XBRBEMAHARELUFENIRE R BEREY,

(DESFRAREREK-REBFMANXZFHTHRBEENS ,RHAETIABEETR 3 HREXREMN OME R LHE
EARAALL O ICHERMEF RRBR. TUEAERNBENARKER TS SHHEPIRENBERER . A TAEAREE
BT IRIGE L HIRR .,
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