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Abstract: The Manimr Kendall method was used to analyze the trend variations and mutations of annual average temperature and

precipitation based on the meteorological data of Xinmi City from 1971 to 2000. T he anthropogenic driving forces affecting the

variations of temperature and precipitation w ere determined by the socic economic data collected from 1981 to 2008. The gray

relational analysis was used to characterize the interannual variability of impact strength of human activities and the tem poral

variations of anthropogenic driving factors before and after the temperature mutation, and therefore the anthropogenic driving

factors affecting the climate change can be analyzed and ident ified. The results indicated that t he annual and seasonal atmospher

ic temperatures increase with a temperature mutation in 1993 while the annual precipitation has significant increasing or decrea

sing trends. The rapid growth of population density is the primary driving force of the tem perature change in Xinmi, and fok

low ed by the agricultural development and energy consum ption.
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Table 1 The annual and seasonal atmosp heric temperatures

of last several decades in Xinmi

(C)

i i i i i

20 470 A 14 3 14.6 25.8 14.9 1.8
20 480 4L 14.2 14.7 25.3 14.9 1.8
20 4290 44K 15.1 15.2 26. 1 15.6 3.4
21 W) 15. 4 16.6 26.2 15.7 3.1
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1 M anir Kendall (131
Fig.1 The Manmr Kendal mutation test of annual average

atmospheric temperature in Xinmi
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Table 2 T he annual and seasonal precipitations

of last several decades in Xinmi

3
Table 3 The factor index system of anthropogenic driving

forces affecting temperature change

mm
At AP BRFPY Bl P &5
Bk Bk KR BKE Bk
20 4L 0 fEAL 642 121 342 149 30
20 4 80 44K 689 129 385 140 36
20 4 0 FA 614 132 326 135 21
21 2047 706 103 430 136 37
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2 Manir Kendall L3
Fig.2 The Manir Kendal mutation test of

annual precipitation in Xinmi
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Table 4 The factor index system of anthropogenic driving

forces affecting precipitation change
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Table 5 The gray relational grade of anthropogenic driving forces

to temperature change in Xinm i

] SRR KRR
X1 UNEE)i S 0.973 3
Xio FSYNINE 0.956 5
Xs HEEr VR 46 i AR 0.899 1
Xy FEAR A H TR 0.879 5
X KPR AR A 0.726 6
X7 Tk L 0.594 8
X bl 0.577 9
X RS I 0.541°5
X3 70 R ER AR P2 T 0.530 5
X4 RS AR N 0.519 8
X3 NI Bl 0.510 4
X, Tk~ E 0.494 3
X2 A thox e B T 0.477 0
X9 RAR N = 0.439 4
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Table 6 The gray relational g rade of anthropogenic

driving forces to precipitation change in Xinmi

75 SR ERIEY
Yo ISUNINE ¢ 0.510 6
Yy FEAR M T A 0.438 4
Y3 Ak FH K = 0.390 5
Yy X T AR 0.385 8
Y, Tk K& 0.3385
Ys A E K 0.333 5
Y; W R 0.306 5
Yo NI A b i AR 0.277 5
Y, A BB T A 0.238 8
Yy R B 0.210 7
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Table 7 Absolute difference values between the temperature and anthropogenic driving forces in Xinmi

R Bl TR AR ERPBEE R AR R T

1981 0. 6228 0. 9008 0. 8087 0.0311 0.0310 0. 0588 0. 7038 0. 6228

1982 0.5521 0.9252 0. 8092 0.0714 0. 0001 0. 1029 0.5516 0.5521

1983 0.4216 0. 8179 0. 6814 0. 0905 0.1211 0. 0369 0. 4860 0.4216

1984 0. 3479 0. 7263 0. 5884 0.0281 0. 0056 0. 0362 0. 3816 0. 3479

1985 0.2619 0. 6645 0. 5363 0. 1368 0.0348 0.0379 0. 2886 0.2619

1986 0. 4884 0. 6462 0.5631 0. 0562 0.1232 0. 1280 0.2739 0. 4884

1987 0.3626 0.2977 0.3230 0. 0599 0. 0029 0. 0854 0.1921 0. 3626

1988 0.0218 0. 0464 0.0221 0. 0297 0. 0237 0.0163 0. 1097 0.0218

1989 0.2209 0.3153 0.2786 0.0078 0.0241 0. 0206 0. 3979 0.2209

1990 0. 3643 0.3920 0. 4680 0. 0632 0. 0296 0.0168 0.3071 0.3643

1991 0. 4869 1.2003 0.9015 0.0335 0.0188 0. 0564 0.4321 0. 4869

1992 0. 6968 1.3210 1. 1094 0.0523 0.0760 0.0774 0.6911 0. 6968

1993 1.2209 1. 8243 1. 6342 0.0557 0.0180 0.0188 0.9382 1.2209
—— —

i ﬁg Eiﬁaﬁﬁﬁfg BARE  AREE éagi;&; ey Sl

1981 0. 8973 0. 6814 0. 1285 0.1149 0. 8876 0. 4685 0. 8402

1982 0. 8286 0.6317 0.1019 0.0873 0. 8093 0. 4676 0.7901

1983 0.6728 0.5361 0.0114 0. 0453 0.6771 0. 3624 0. 2586

1984 0.4553 0. 2544 0.0147 0. 0236 0.5611 0. 3060 0.2751

1985 0.4193 0. 0050 0. 0070 0.0149 0.4517 0. 1957 0.2294

1986 0.1673 0.2611 0.0787 0. 0599 0. 3631 0. 1960 0. 3553

1987 0.1101 0. 1766 0.0523 0. 0467 0. 1825 0.0916 0.1110

1988 0. 2440 0.0613 0. 0092 0. 0009 0. 7840 0. 0506 0. 0329

1989 0. 4601 0. 4306 0. 0495 0. 0400 0. 3964 0. 1694 0.2648

1990 0.5202 0.4338 0.0517 0. 0656 0.0016 0. 2464 0.3118

1991 0.5938 0.5275 0. 0897 0. 0708 0. 0591 0.3774 0. 6488

1992 0.7670 0.5528 0.0707 0.0483 0.0374 0. 4672 0. 6873

1993 0. 9556 0.5697 0. 0857 0. 0967 2.3285 0. 8962 0. 8964

* 24+ KXKFEIR
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Table 8 The gray relational grade of anthropogenic

driving forces to temperature change in Xinmi

75 R RHER A
Xs TR 1R YR Al i AR 0.929 4
X6 R & A Sk B 0.840 6
X UNEE 3 0.833 1
Xy FE AR H A 0.830 6
Xio pSYNImE 4 0.8257
X1 T < HR AP 1 1t 0. 499 2
Xo BV | 0. 460 8
X2 Al e B BB 0.452 4
Xis VN SZITPAN 0.448 7
X H—rkn el 0.414 0
X7 b 0.403 4
Xs AT R 0.367 4
X3 NP2 0.340 8
X» ol S E 0.313 0

g5 LT, B T A 5 AR R ROl B R 4 AL
R BAT B ORI, B R UK ) IR 1 R A SR A
o AR A A T A Sk, DTRAE K, D R P 3R
4.2 ABREEBAAWS ) AT 27

FIHT IR N A —FE, T 5003 AR R 5 1 & e b
THEAT A AR . 5T e B, %o SAME Ak A PR 45 R S
5 N Kl 7 7 4t 22 (G vE A0 B AT I, Horh i
KEAH Apan= 2.780 6. U3 HERHO= 0 1 B, 152 B
5 N AR F7 87 5 IR AR 1 SRR RS, L3R 9, I R IA
U R 5 A Ak ORI dievm, KRERREIL0.918 7. BA
PR B TR KRB VE DB TR | A A T Pl ) G Tk
AL T, BIVAE DG IR o i V) A0 A Bk s R b, ek
Mk Fi RV T FE 25 5 T TR AR IR S i B B

55 AT bR, R BN 135 AN AR f = 8 n
IR AR DGR B B T, 4 B BB SE AR K A = A
(08331 1+ 17 (0367 4) R & REFHE L
(0 926 5)HFAL(O 781 6), [F] B KR VB 3G Pl HIAL AR 44
FAE R SR EU G AE B S R 3 — A R PR B R S
PIEE DY SO o] LU HY E RTH0 2517 00 R0k 2 & Polk & AR
TEM. TAh, REEE WG R SR w5 %k
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Table 9 The gray relational grade of anthropogenic
driving forces to temperature change in Xinm i
] SRR KRR
X1 UNEE 0.926 5
Xio P WNINE 0.918 7
Xy G i TR A 0.852 6
Xs R £ VR 476 o T R 0.789 5
Xs AT IR 0.781 6
X6 KA B A S H 0. 650 7
X R S st} 0. 605 4
X; T e 0.484 3
X4 VNN PN 0.483 2
Xi3 5 R AR P 2 T %8 0.438 5
X3 NI A= Al 0.3955
X, Tk S E 0.3459
X1z A b 2ol 8 0.328 7
X AN ERRES iR oy 0.298 3

AR HF BT 1971 4E— 2010 4F K7 Bk %R &
1981 4F— 2008 41 205 % Kk, i€ Fl Manir Kendall 5848 K
585 R0 ¢ €8 S IR A WT V06T 0 3 7 A0 AR A R AR AT T A &
SEAR ST, N K g B HEAT TR, R A DL
2.

(1) 3F 40 47K B AR AR R N AR BT A
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SNGEA [ IR B (X35 1982 4F AT 1999 45 Mk Ht t LA Jin 58 4%,
B 2 H T S AR () I J7 X 35K

(2) N V3 RE bR 40 KR T AR AR A 2 g
FLVRAY 5 R, AE VR FE 0 AR AR oK BTk A
1 25 TRl e JE TR It A2 3 2 T e K o AR Ak 1 3 2230 ),
T B TR LR A A

(3) Fras AR AR AT, R KRR E A SR B,
AR AL B B S, DTRRECK, b B R . AR RS,
NV JEATY AR X SR AR A [ 5 i e W b, FL R RE TR RE S
D A0 AR A 1 52 i R B AT BT T
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