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Tree-ring temperature records in Arxan, Inner Mongolia for the past 187 years
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Abstract : The correlation analysis showed that the ring-width chronology was significantly correlated with
the mean temperature from May to September in Arxan, Inner Mongolia. Based on the multiple regression
model, the May—September mean temperature was reconstructed for Arxan for the past 187 years
(1822—2008). The reconstruction can explain 39.9% variance of the observation. The reconstructed
temperature series showed four cold intervals (1822—1841, 1893—1906, 1931—1941 and 1980—
1992) and five warm intervals ( 1842—1871, 1880—1892, 1914—1930, 1942—1969 and 1993—
2003 ). The reconstruction of the temperature showed a large regional representativeness after comparing
with a nearby tree-ring based temperature series in Weichang. Moreover, the comparison with other
tree-ring based precipitation series around the studied site showed that the high temperature period of
Arxan corresponded with the dry period of regions in northeastern China.
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SR U ) TR A AR AR A A X,
PR, I FHAR A AR5 B8 BHAE 12 X B L 408 30 b IX 3R
14T — S BRI B, a0 N 22t A 3k s X
AR SRR T 2—7 H LA K 6—8 A LAY
REK S IE LA BT T3 25 260 45k 4R W 2= XU
S ARE (X A5 ,2001) , A A ORI A T2
JC 1726 AELLSR B 22 1 A6 #8 5—7 H FE7K & (Liu et
al, 2004 ) FIEFITE RE M X 3 22 370 245k 2—7 H
H2—6 AMZEAT &K (Liu et al, 2007) ; R FHR 4
i T A IR S X R 150 2RI BT H
FM4E 6 A 1R K 8 (Liang et al, 2008) , # F
T KT IR AR 5 20 R R ) 258 0 A
JZ5(Liu et al, 2009, 2010) . Hi Fdb 75 ¥ 55 £ &
AR SRR K B BN /D (200 ~400 mm/4E) , HFTX
— M DX A5 R 2 A v R K R P
AR S AT R . ASCRI R H IR E LT
IR B 2 AT Bl 3100 2 Bl % 1L 1l X ) 2% 22 I A
( Larix gmelinii( Rupr. ) Rupr. ) B 48 % | 8 22 1% M
[X 1822 4F % 2008 4F 5—9 H FHREE Ak,
PE— 25T T 1% M DX IR AR A A ARAE

1 #EITE

1.1 RESABMASHEARE

Bl ZR LI T N 520l FIR DX S22 B P B, %
VRV P L RE , a8 iR R i 2 XU ()
4 ,2012) HARFEVR IR, A KO E , FRGHE 4
SERRIR - 3.2C AR K IR 448. 8 mm, EH T
1100 m, ZXH AL R EBF X 5 T 5 X A9 118
T AT, AR A DA ol A2 DX S MR AR A RS
B BA—E WTORAE GBS | R AR AR W2
KR ARAEIE SR T 2K

I FHARE 2 2R 45 T Bl 2K LY R YA (NG #R 3
(1) (47°09'N, 120°35'E, 4k 1222 ~ 1400 m) ,
PLGPE A (Larix gmelinii ( Rupr. ) Rupr. ) AL # A
Pl SRAESARMOL R, LIENRIR R BE B /N, R
SEREAR R Bk T AR £ ] e 27 B & Fh TR DL K &
A UE IR O AT BT AR Sk RN AR AR L BROR S A
AR o RERRAR AR R HE S i AN [R] 7 1) A B A0
HRAE DL T A 29 B 158 57 NFEILS . TESL I
2 RREAR ST TR BE B S SUE SR AR
I RS2 0,001 mm) , ] COFECHA i HLE
J¥ (Holmes, 1983) #4738 S 4F it & #5151 B 77
SRR Z S FRIT MR Z BT, R AR
ERA 48 EELS,

50°N

48°N

46°N

ASTRE 5
A o5 guy; N
Q50 100 km

I I
118°E 122°E

K1 SRS R G R

Fig.1 Map of the sampling site and meteorological stations
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RILEEZR, LUAEBR S e B 2L IR BRI AR B
AR S me AT T FVA R SE R Y 3 FPAESR ) A
FRUEALAER (STD) \ZE(HAFE K (RES) A1 A [BH A&
(ARS) ., 4ERM AT 5 G A DL FHEAE 5 0
( Sub-sample Signal Strength, SSS) KT 0. 85 BI4FEAR
SR AE , XN ) AT HEAE SR B Ry 1822—2008 4F, H
T STD R B A B Z RSG5, ASCHE X STD
SERIAT MY, AL STD AER G TR AE W 1,

F 1 REARAER I RHIE SO A LX)
(1822—2008 ) 4 fE 1
Statistical characteristics of the standard chronology

( common period 1822—2008 AD )

Table 1

ESTRA A STD 43
SEH448 %0 ( Mean) 0.99
SEHHURE (M. S, ) 0.20
FrifE2(S.D. ) 0.29
JFFE I () 0.29
SEEIB A DE (1)) 0.28
SEIR AR (ry) 0.72
{5 L (SNR) 13.89
FEAR SRR M (EPS) 0.93
55— TR T R (PCL) 65.1%

SSS >0.85( FHEARFGSMIE) 1822—2008 4F

1.3 SEEBZERRBXRHSN
SKHE R A BT /R 11 (119°57'E,47°10 N, 4K
1027.4 m) ZRIZERBIDIE (116°58'E,45°31'N, 1§k
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Fig.2  Monthly total precipitation and mean temperature for

the meteorological stations around sampling site
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Y, AR H B A B K 5 BT R LA 48 4F A0 O R 5L
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MR AE R SR A & W e R o H 2
57 A FNREAR R R E K2 T -0.53, 4l
G2 IR RTINS 5—9 H B9 H 5 A i
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Sy 185 B E K 5378 I AR B 78 9 A Al 25
LN | W = B NN NS 1 SR 5
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/KRB ( Liu et al, 2008 ; Song and Liu, 2011 ; 2%k
J755,2010) .
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Fig.3 The correlations between STD chronology and climate data
Ty, =-0.7719W,_,1.193W,,, +18.067 (1)
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0.63,WITHREREFTFRMT .

(N=51;r=0.63; R*=39.9%; R}, =37.4% ;
F=15.96; p <0.001; SE =0.60; ¢ =52.51;
D/W=1.62)
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BN 37. 4% , Durbin-Watson ( D/W) {8 3 W] [1]
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CET

H 74 5 R AR, AT R A Jackknife Al
Bootstrap ( Mosteller et al, 1977 ; Efron, 1979 ) %}

=2
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FE IS A Bootstrap F1 Jackknife #6564%5

Table 2 Verification results of the Bootstrap and Jackknife methods

- B W96 401 (1958—2008 )
(1958—2008) Jackknife Y8 ( BUETLH) Bootstrap FJ{E ( HUE 5 )
r 0.63 0.63(0.59, 0.66) 0.63(0.35, 0.76)
R? 39.9% 40% (35% , 44% ) 40% (12% , 58% )
R, 37.4% 37% (32% , 41% ) 37% (8% , 57%)
SE 0.60 0.60(0.57, 0.60) 0.59(0.40, 0.70)
52.51 51.98(49.71, 54.55) 52.84(41.97, 65.18)
F 15.96 15.74(12.41, 18.06) 16.95(3.33, 33.64)
p 0.0001 0.0001 0.0001(0.0001, 0.044)
Durbin-Watson 1.62 1.63(1.59, 1.72) 1.57(1.15, 1.73)
18.5
17.51
g 17.01
% 16.51
16.01
1551
1501
1950 19I60 19170 19‘§O 19I90 20IOO 2010

K4 BrRIX 5—9 F -2 A2 o (e 5 I {E X 1

Fig.4 Observed value for May—September temperature vs. values predicted from tree-ring reconstruction
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Fig.5 Sampling depth and the May—September temperature reconstruction for Arxan (1822—2008 AD)

(Thin line was the reconstructed temperature; bold line was the 11-year moving

average curve; horizontal line was average temperature from 1822 to 2008 )

TESEFPRLRE [ R R X 0 A7 7R 2 =
F/DFR AR OC R, — 2ot o T R S &
T A A P R R S BRI BN, EE
519 1890, 1906, 1920, 1951 A1 2003 Z&43 5l % i &
FE T E A B HE R JR M X (Liu et al, 2010) fy 20>
WAy, EEFA 1a W35 JE , X AR 5C R
f@ﬁﬁmﬁfgiﬁfw/@ﬁuﬁﬂﬁo 8] N7 I A 1
W (7 T Y5 ) 1842—1871 , 1880—1892 , 1914—
1930 ,1942—1969 ,1993—2003 4, W 5% X J& 1 i) =
SRR R K T 51 1 2 B0 T 5 B /K 2D (Liu et
al, 2010; Peterson 2001) ; T Ji& & i AFC B 389 (I T
BI{H ) 1822—1841 4F , 1893—1906 4F , 1931—1941
AEFN 1980—1992 4F WU AH . By st id 2 (k1
2004 ; 1 L FL4E 2009) 1Y 1875—1878 4 (VL4 W)
42) 1923—1930 ( R E B ) & 4R 1y JLIRFREE 3 4F
PLb 7 5 Ay H X e R S B R L
B LA™ TR i B B R A AR G i X O¢ &R, Horp
1923—1930 4[] f14 5 i 2 B 7R Ll b Xt 26 A 4
SRR — R R, PR AR T
17°C . 7E 2000 AF (1% B4 B] 7% 1L 1 DX it B2 SR 21 1
16. 9°c A GORIER, AE N 52 b R T 00k Xk A

6 5K BT DA B 34 JE K 3 B9 0 (B4
2009)0

4 #ig
(1) ARSCAR A BRARA A AR 38 S5 22 7 i, XFR

F NS BT L X 0 % 2 I AN R R AR AT T
SESGEAE PN T K R R SRR AR SR . R

AER G AUREER YA A3 43 AT R BT, 52 e B 7K Ll
Hh DR S A 0 E SRR o 5—9 AR,
FEMCEE R b, ARSI i R, A T MR X
1822—2008 4 5 H £ 9 H Y- ¥4 B A8 4k Iy s,
TG 45 485 R S W F A T 5

(2) EAFH) 11 AW Sh =2 )5, 8 s e 14 B B
A 1842—1871 4F . 1880—1892 . 1914—1930 i\
1942—1969 4F I 1993—2003 4F, 7F iX L& 5 I if
Ex,HfﬁhlEBT‘TJEE"JW‘T?‘B%KJ?W@%%#Hjl:%i@ﬂg%z:
KU /D 5 T Ve i A B 39 (1822—1841 4 1893—
1906 4 1931—1941 4EH1 1980—1992 4F) MIAH .

Bt & @ LTINS RA T L T B,

RO, R &, AL, 20100 WHESIC SR B 2L b
X ATC 1836 4ELIK 5 ~7 H PR T]. AR
M, 55(20); 2033—2039. [Cai Q F, Liu Y, Bao G, et
al. 2010. Tree-ring-based May—July mean temperature
history for Liiliang Mountains, China, since 1836 [ J].
Chinese Science Bulletin, 55(26) : 3008—3014. ]

X BT DRI AE. 2001, REEREEKIC SR B AR
2 X3 55 8 A——LA N 520t R Sk s X O B [ )] A
A%, 8 (1):91-97. [LiuY, Cai Q F, Ma L M, et al.
2001. Tree ring precipitation records from Baotou and the East
Asia summer monsoon variations for the last 254 years[]J].
Earth Science Frontiers , 8(1) 91-97. ]

X OE, WA, REEW], S 2000, JAMER ISR AL
lﬁ% \TT 1884 Euﬂés 6 HVHRIEL)]. %4 0F

,29(5): 896—904. [Liu Y, Tian H, Song H M, et



553 X

A5 NS BRI 2 187 4R B AL A HE 1C % 867

al. 2009. Tree ring based reconstruction of the May ~ June

mean temperature since A. D. 1884 in Weichang, Hebei

province, China [ J ]. Quaternary Science, 29 (5):
896—904. ]

XV 4Ty TG, 2012, /R 1L 40 4RSS AE 43
MrlT].JE54k ,(6):207—208. [ LiuZ M, DuJ F,
Qing D M. 2012.
characteristics analysis [ J |. Beijing Agriculture, (6):
207-208. ]

A 2000. EPSER BRI AR A, (4) (16—
18. [ Wei S S. 2009. The drought in Chinese history [ J].
Knowledge is Power ,(4) :16—18. ]

WER S, TR 2003, T 50a AL X B 2 5 o A I
AR T ] B RTCR BT F R, 26(5) + 653—660.
[ Yang S Y, Wang Q Q. 2003. Spatial/temporal variations

Nearly 40 years Arxan climate

of summer temperature in Northeast China in recent 50
years[ J]. Journal of Nanjing Institute of Meteorology, 26
(5): 653—660. ]

MR, Jriemr, M K, 45, 2009. HPIEGE 300 4FoR 3 K
REIRHING B RN B[], K #F 2 ,4(2): 116—
122. [Zeng Z 7, Fang X Q, Ye Y, et al. 2009.
Comparison of disaster situation and causes of three extreme
droughts in China over the past 300 years [ J]. Journal of
Catastrophology, 4(2) : 116—122. ]

HKAE . 2004, P E Dy AR IE SRS TAR TR LRI R
TRFMT].AHFHR, (8): 47—-50. [ Zhang D E.
2004. Variation of dry-wet climate and severe drought
events as revealed in the climate records of China over the
past 1000 years[ J].
47-50. ]

Cook E R. 1985. A time series analysis approach to tree-ring

Science & Technology Review, (8):

standardization [ D]. Tucson: University of Arizona.

Efron B. 1979. Bootstrap methods: Another look at the
jackknife [ J]. The Annals of Statistics, 7 1—26.

Fritts H C. 1976. Tree Rings and Climate [ M]. New York;
Academic Press, 1—553

Holmes R L. 1983. Computer assisted quality control in
tree-ring dating and measurement [ J]. Tree-Ring Bulletin,
(43) . 69—78.

Liang E Y, Eckstein D, Liu H Y. 2008. Climate-growth

relationships of relict Pinus tabulaeformis at the northern
limit of its natural distribution in northern China [ J].
Journal of Vegetation Science, 19: 393—406.

Liang E Y, Liu X H, Yuan Y J, et al. 2006. The 1920s
drought recorded by tree rings and historical documents in
the semi-arid and arid areas of northern China [ ] ].
Climatic Change, 79 . 403—432.

Liu Y, Tian H, et al. 2010. Tree ring precipitation reconstruction in
the Chifeng-Weichang region, China, and East Asian summer
monsoon variation since A.D. 1777 [J]. Journal of Geophysical
Research, 115, D06103, doi; 10. 1029,/2009JD012330.

Liu Y, Bao G, Song H M, et al. 2009. Precipitation
reconstruction from Hailar pine ( Pinus sylvestris var.
mongolica) tree rings in the Hailar region, Inner Mongolia,
China back to 1865 AD [ ] ].
Palaeoclimatology, Palaeoecology, 282(1—4) . 81—87.

Liu Y, Linderholm H W, Song H M, et al. 2008. Temperature

Palaeogeography ,

variations recorded in Pinus tabulaeformis tree rings from
the southern and northern slopes of the central Qinling
Mountains, central China [ J]. Boreas, 38: 285—291.

Liu Y, Shi J F, Shishov V, et al. 2004. Reconstruction of
May—July precipitation in the north Helan Mountain, Inner
Mongolia since A.D. 1726 from tree-ring late-wood widths [J ].
Chinese Science Bulletin, 49(4) . 405—409.

LiuY, Sun J Y, Yang Y K, et al. 2007. Tree-ring-derived
precipitation records from Inner Mongolia, China, since
A.D. 1627 [J]. Tree-ring Research, 63(1): 3—14.

Mosteller F, Tukey J W. 1977. Data Analysis and Regression.
A Second Course in Statistics [ M ]. Addison-Wesley,
Reading, MA. , 1—588.

Peterson N, Jacoby G C, D' Armrigo R D, et al. 2001.
Hydrometeorological — reconstructions  for  Northeastern
Mongolia derived from Tree Rings: AD 1651—1995 [J].
Journal of Climate, 14 . 872—881.

Song H M, Liu Y. 2011. PDSI variations at Kongtong

China, inferred from a 283-year Pinus

tabulaeformis ring-width chronology [ J ]. Journal of

Geophysical ~ Research, 116,  D22111, doi: 10.

1029/2011JD016220.

Mountain,



