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Abstract

The weighted Markov Chain was established by using annual precipitation data from 1961 to 2008
in Urumgqi and the states and the quantities of the annual precipitation from 2009 to 2018 were
calculated. The prediction and the observation were compared. Based on this, annual precipita-
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tion of 88 meterological stations in Xinjiang from 1961 to 2008 was calculated. The results show
that the relative errors of prediction in different stations are quite different from each other, butas a
whole, the years with lower relative errors are more in Northern Xinjiang and Tianshan Mountain
than that in Southern Xinjiang. The prediction within 10% relative errors is obviously affected by
the annual precipitation, which means it is the most fitful in stations with more than 300mm an-
nual precipitation. The result of prediction in 6 representative stations has also testified that the
effect of the weighted Markov Chain is much better in Northern Xinjiang and Tianshan Mountain
than that in Southern Xinjiang and is steadier.

Keywords

Weighted Markov Chain, Xinjiang, Annual Precipitation, Prediction

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/
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G, BRI —DHE HEAR . I T RARRGMERNE. ZREL M. 3.
MR, BOKEAR S AAASE . BRI R BN REA SRR AL U R B
) RUBEANZET o 48 5 (0 B /K PO BE D SRt o R DBl BT ) 5 1k o M B K Bk e 97 B R ) v 2 i 45
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T MAME R, AT SR TN BE (3]0 AR 22 RNy R A R B AR 2 N FH T B K & (0 0 LS T R
o BURR[41-[916

ARSCHAE I R ] RBERE R A B, DL AST A0, KHE R I IX TRk 1961~2008 4R [ /K &
BORHE S AL S /R W REERR, THEE T 2009~2018 42 [ RE /K RS MIGE FE K &R, o0 TN e/ B A S0 e
IKEFEAT VX EE b s FEBLIERE b, V5 T HTEE 88 AN R Ui AR KR, R TN K R
IIEWIIIHT, BRAT T IS ZR W] SR BRI 7 3 0 S e K R TR RCR A T A R T
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ISy R BERBE R A S B 2 W e (BERLIERED (1010 A @ ANAL S /R R R B Y AT /K B T
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3. B&AKFFH 2009~2018 £EpEKEFAM

1) MR LEARFT 1961~2008 FHNIRERFKELE, THEHFFIMIYE x = 260.32 mm, ¥5ZET
ffhi it s = 61.83 mm, HIHIE DRI, W0E 1 Fin.

Table 1. The classification of annual precipitation of Urumgqi from 1961 to 2008

#= 1. BEKFZTH 1961~2008 FFEEKE DR

W& 2 Iy hRitE HAEIX (7]
1 Fih K AR r<x-s r < 198.49
2 P4 x—-s=r<x—05s 198.49 = r <229.41
3 KR x—05s=r<x+05s 229.41 =1<291.24
4 (IEEGE x+05s Sr<x+s 291.24 = r<322.15
5 FIKE rZx+s r = 32215

2) MRAEE | 5 PARER E S EARFT T 1961~2008 & AEFKEIRDS, MWEERACIRETFH, 4R

3 2,

Table 2. The states of annual precipitation of Urumgqi from 1961 to 2008

2. BEKFTH 1961~2008 FEEKERS

Fr B K K& Fr LI R Fhr Bk R
1961 182.2 1 1977 160.5 1 1993 300.0 4
1962 145.9 1 1978 273.4 3 1994 311.4 4
1963 253.5 3 1979 325.4 5 1995 240.7 3
1964 225.4 2 1980 239.8 3 1996 390.9 5
1965 152.9 1 1981 242.6 3 1997 159.8 1
1966 240.9 3 1982 243.1 3 1998 419.2 5
1967 159.1 1 1983 277.0 3 1999 336.4 5
1968 146.6 1 1984 344.9 5 2000 3323 5
1969 218.6 2 1985 242.9 3 2001 277.7 3
1970 221.0 2 1986 253.1 3 2002 342.9 5
1971 227.7 2 1987 363.4 5 2003 370.0 5
1972 243.4 3 1988 373.5 5 2004 314.2 4
1973 156.2 1 1989 262.2 3 2005 276.3 3
1974 131.3 1 1990 291.6 4 2006 235.9 3
1975 2247 2 1991 177.8 1 2007 419.5 5
1976 247.4 3 1992 348.4 5 2008 171.8 1

3) SEBEACIRAS T HU D PR3 AR RN T B B R (m — 1) 1 7 A A A Gt
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M 2 RIS B ARFHERKREFIIREH m=5, HEEEVKT a=0.05, & 20k
1 7 (5 1)°) =1 (16) =26.296, LG5 ¥ =31.20. AT UL 2> 7 (16), H, %A F5EA DK
P, RIS SR 1961~2008 4F4 [ /K EARZS P 51 FT LA T /R R B o

4) THELA I E AR REAIRCE AT A — Ak, 4R 3 B,

Table 3. The autocorrelations and weights of different orders

3. BN BEXRRRNE

i k=1 k=2 k=3 k=4 k=5
" -0.011 -0.167 0.244 -0.196 -0.1
o 0.015 0.229 0.334 0.269 0.153

5) XpE 2 REEACREFAIHAT ST, BERPKON 1-5 (BRI, Wk 4.

Table 4. The probability matrix of the shift of precipitation states
T 4. BEAORTS B R AR e

3/10 2/10 3/10 0 2/10
1/10 4/10 2/10 1/10 2/10
PV = 3/9 3/9 1/9 1/9 1/9
2/9 2/9 5/9 0 0
2/9 1/9 3/9 0 3/9
1/5 2/5 2/5 0 0
2/5 1/5 2/5 0 0
PP = 3/5 0 2/5 0 0
3/5 1/5 0 0 1/5
1/5 2/5 2/5 0 0
3/16 1/16 5/16 1/16 6/16
6/16 0 5/16 0 5/16
PO = 1/15 2/15 6/15 1/15 5/15
1/14 1/14 7/14 2/14 3/14
3/14 1/14 5/14 2/14 3/14
1/4 0 2/4 1/4 0
0 0 2/4 0 2/4
PY= 1/4 0 0 1/4 2/4
2/4 0 0 1/4 1/4
0 0 13 0 2/3
2/12 /12 4/12 2/12 4/12
0 0 5/11 3/11 3/11
PO = 1/11 0 5/11 /11 411
1/11 0 2/11 1/11 711
2/11 0 3/11 2/11 411
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6) fRHE 2004~2008 = FIAE FEACIRAS T 2009 SEFERFACIRES, R ILE 5,

Table 5. The prediction of annual precipitation state of Urumgqi in 2009

5. BEAKRFH 2009 FREARZS TR

REHBME
WIHAE K& PR &

1 2 3 4 5
2008 1 1 0.015 3/10 2/10 3/10 0 2/10
2007 5 2 0.229 1/5 2/5 2/5 0 0
2006 3 3 0.334 1/15 2/15 6/15 1/15 5/15
2005 3 4 0.269 1/4 0 0 1/4 2/4
2004 4 5 0.153 1/11 0 2/11 1/11 7/11

Pi 0.155" 0.179" 0.123" 0.160" 0.383"

FE: b LhRHBUE A Pi BRI

B¢ 5 Al A max {P,iel}=0.383, XRMARAN 5, BRI EARFHTFERKRETIRS S 5 (FKE),
Wt R /KR KT 322,15 mm, 11 2009 4E (B /K L FRfE N 353.1 mm, 7ERLYERE A, R FEACIR ST
N SR dIN/EER

7) BE ERDIR, A1 2004~2008 4 FAEG TP 2009 KR TONME, Z55R 0% 6.

Table 6. The prediction of annual precipitation of Urumgqi in 2009
2 6. BEARFTH 2009 FREKE TN

HIGHE W& 7S THE /mm
2008 1 1 255.1
2007 5 2 363.4
2006 3 3 373.5
2005 3 4 289.2
2004 4 5 373.5

FHME 330.9

B2 6 A1, R IR JRBHREE T VE TGN 5 B RS T 2009 4 F4/K &4 330.9 mm, 5 SERRAL
{8 353.1 mm M LGS, AHXHR 2 R—6.3%, ] LLAANT 2009 44 B4 7K B 1 TN & BN L B .

8) TEFF/KEFFIH, A 2009 FFMISERRIMAE, RS i 1961 FFKEE, RETFIIKE R 40
, HE RS, A 2010 SEMAERKRETMME . DAEHE, BEETHEH 2018 451 BEK & A .
2009~2018 [ 7K & NI 5 52 bR A IIE i B L35 76
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Table 7. The comparison of prediction and observation rainfall in Urumgqi from 1961 to 2008
= 7. BEKRFFH 2009~2018 FEFUNFEK E S SLFRMEKEXTEE

F TEME/mm TRIAR A ALIHE/mm PR HXS R 2 /%
2009 330.9 5 353.1 5 -6.3
2010 341.2 5 2824 3 20.8
2011 265.6 3 34455 5 -22.9
2012 315.7 4 286.9 3 10.0
2013 295.6 4 300.9 4 -1.8
2014 320.2 4 297.0 4 7.8
2015 307.3 4 387.4 5 —20.7
2016 32355 5 387.1 5 -16.4
2017 326.3 5 310.1 4 5.2
2018 346.1 5 335.1 5 33

AT 6 R S AT R, R TN 5 I A (5% 2 5 I AE IE B 20% LA A B TIGINA g A2 A R 7
X - 5B ARFE T 2009~2018 4 FE/K ST A RFE A 70%, X 7 Fr, L 2016 FHRERT 10%,
HAR 6 FRHIRZHAKT 10%. HAT, ERIAEIMNSSF,  FEKESFHER 2 60%~70%,
AL, A S SRRk SR B A AR T 1% B AR 55 11 A B K st T A A B A T 5V T o, T
D RSP TRIAR ZEEBKH 3 4E50 5008 2010 4E. 2011 4FF1 2015 4E, M =4ERIBE K& AT LUK
I, M= 2010 K EREL 24T, 2011 A1 2015 SEREKED B ZETHME 32%H1 48%,
J& T RARZ A . BT I KRR B A LE TN o S R T R ERPAIRIME . 072, Tl
RO IR AR S SRS M, 1K LU DR 220 7 R s i 2 S A B RCR, 90 an vk BOIRES R 4 br ks
LR RBORIE] . T AR GG A RAS AN [F] B K 2t 20 0 A P8R FR B 55 . 249K, B T /R
BEREERA “ARIAEERE 17 5 A B TIN5 22 552 i DK AN 52 i FL At A 473 1) TR0 80

4. FEE 88 4 2009~2018 FELEFE/K BTN S 9
4.1. ¥EE 88 ih 2009~2018 FEEKE TN 47

FIRARED IR, TR H E 1961 4 LR S R 22k 51 52 221 88 ANk 2009 £E~2018 4
R KBRS AR EHUE . 25 I8 BT FOINY 25w, X6 e K PR Tl 3 252 T A % T 2 427
PME M 2= FREE, HDRR/KEEFH 203, DRk, F0m S Fm b 3 B B K BE 7 5 0K . BRKEE T 5 2
BRI B 7 42 ] R A o SR AT (R I S A T AR D0 55 T o 8%l a0 P /K B 1 43 2R 1 B A
Bl R R R AR, ATEA ST IR .

ARG, OB EE P 2 R EME T R R, AE-62%~110%2 8],  RIFRGIIAF B /K & AH b
WP YE R AIE 6 BBA b, Rk 1.1 7%, RN, 58 S BT M T B K B~ B 0 RS 1%L R
BeAh, FESEBRAE TN 2, TR K S AR A A R R D R FRREAE 3 A BB, AT R ZE
KK, FNBCERALE, Pk, AT S5k 00 B K PRSP 5 20 R AE IE 5 30%MI4E0y,  FARAN 7 M % I
D1 BU(10%) AN i 2 D2l 2 B(20%) LAN A 2 /b 3 (30%) A =i it o 2% sl T Bae 7K 7 1 4
FA AT IR =R E B A W 8 FTaR .
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Table 8. Years of percents of precipitation in 88 stations in different ranges from 2009 to 2018
% 8. FEE 88 4 2009~2018 FHUMFEK B E B ) KL T ARIXEIMFH

1A 2 AN 3 AW

1 AN 2 A 3 AN

i mEEl WA G G MR RER KR
i B 5 6 7 JEA AT 7 10 10
HARTY 5 7 9 E A 5 10 10
i ZR A 7 9 10 Fg 5 7 8
At 5 9 10 5E 1 4 7
Fay ) 2% 6 9 9 A 4 7 8
B 3 6 8 I8 2 4 7
2 4 6 8 #3 1 4 7
IR 5 7 10 5t 3 7 9
B 6 8 10 BT 52, 75 1 2 6
EUEIRZE 7 7 9 9 FEI 3 5 6
A 6 10 10 BN 6 8 10
(TEAITEE 0 3 10 1 4 7 8
14 6 8 9 ®a 2 4 8
FEH 1 6 9 i 3 8 9
s K 2 5 7 R AL 2 5 7
JeE 8 10 10 JE IR ) 2 6 7
IR R 3 6 7 IR AR 6 8 10
IR 4 7 10 o Pl - 2 6 6
IR 9 9 9 Gta 4 6 8
K 6 7 8 fhnyi 0 3 4
595 5 7 9 ol 5 ) 3 6 7
BE 6 9 10 Bl & &7 2 5 8
WRE 5 7 10 ] 1 4 6
AT 7 10 10 Cipas 1 4 7
Wi 7 9 9 Fi] L4 0 4 6
BRI 6 10 10 (BTN 3 5 7
I P e 7 8 9 BT 2 4 7
ER NN 4 9 9 6 5 6 7
L) 4 8 10 BRI 4 7 7
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Continued
B AR 7 8 9 AT PRIRF 2 3 5
il 3 7 9 W 1 1 7
JE#w 7 9 9 -3k 1 3 6
i 7 8 9 g 5 6 8
NE 7 9 9 Bl 3 6 8
iR 5 8 10 gL 3 6 7
WA 75 9 10 10 A1 H 5 5 8
Ry 7 6 9 10 RE 1 3 4
BEAF 6 10 10 HA* 4 6 8
T 9 10 10 TH 4 6 8
BEta 4 7 9 L sh 4 7 9
PN 7 10 10 B 1 1 5
Rt 8 10 10 & 3 8 10
IR 2 5 6 W 5 8 10
PN 5 8 10 EARM) 4 9 10

RS 8 W, 253l T B K BE S B 20 R A0 ARAE 1 2 s 3 B B AR B0 E ok, b 1 A
WIAEY /0 O 0 SRRl L iy BTELER), &2 9 fFGRIR . MHTR. NIRRT 2~8 A
3, 5. 6 SEAHRTE 2 W 2 UL R AN 1RGSR R, 28 10 F(FER. dLiE
i AT S IR BEATE. ANREF. KW, Rt FERA. EEmEw), HHERE e
B3 6 55 THEL 8 4F; /b 3 BRUAN ISR /b 4 SR . R3), 2N 10 4EQ28 3h), HHERZ K
FARA T A9 B 8(14 %) 9 (16 ). MENRISAE, A1 ERFE > 1L [k i 22
SIATAEILER AN FE 5B X I, F SR, 2D 1 AN AR AS AL 5 45 /b 2 AT 3 A
WIERZ T 6 FRIXIRFEE /AL . MmmuElX, BET. SAmE, JLEEmRL X
AR 22 /) () 473 B I 22 T i R KGR IX 3

4.2. A [EP&IKXIE 2009~2018 FELEFEK BTN 47

oI TR B, URE ARG, AL BERE, WA S RS, RIS T RIX, K
BMD, T EREKER 150 KA, HAEKEMZERK, BERIOVILES T, LIX
Z 1oL, PEERE TR, A 88 ui BT KERE S, /D IR AL T AR SR 2 A A e 2
BN 153 2K, REMZLTRINIMXENRET, 7K 575.6 2K M 5.1 H %o P R K AR X 0 4
i Z2 0 AR, BT 2 A AESEAN R Ll X, TGRSR AL T B AR B> R g S IX I, it — 2D
BARX VP, K 88 etz MR EREKE N2 D0 5 41, eIl TR B KRR 2 R X ]
WPy, TGS R 9 Fror .

HI7 O W, B BEKERIE N, i 1 VAT IER BE G2, 300 2K, AL
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— 2P R T B K A /D AE 1 BB, 300 22K BLERY, TR K /D 1 RCEAN ISR 330 7 4. il
fi b 2 AT 3 DA (K13 s B B AN /2 X — A, B, DR AR FRKEBOR, TR ZEAE 2 B
WA 3 B LA IRl Rl 2, Xt Z24E 2 LN Y, KB 50~100 20K s, PSR,
300 ZK LA B> 75 T WZELE 3 LA, FEKELE 100 ZKCUTR-PEFEM&RZ, HERK
g2, 400 prseb .

Table 9. Average years of percents of precipitation in 88 stations in different ranges from 2009 to 2018

5% 9. #IB 88 ¥4 2009~2018 FEFUNEK E I T XA TF AR X BB FHESR

i/ 1R BA Y G P> 2 FCEAATE P> 3 LA )

TR (mm) ) SR () TR () SR CE)
0~50 10 2.9 7.6 9.0
50~100 26 2.8 8.0 9.2
100~200 19 4.6 7.2 8.6
200~300 23 5.0 5.1 7.1
300~600 10 6.8 5.9 7.9

4.3. 3k 2009~2018 LELEFE/K BTN 47
1E 5.2 BFRoKEsr et b, %R AbERA A XA, ARG, i A ik B K Bl AL T AL 5
W EAENREE PR, BRI S n HETUNE K B P E R, BARGE R R 10 frx.

Table 10. The percents of precipitation of representative stations from 2009 to 2018 (%)
2 10. X3RuE 2009~2018 FFUMIFEK 2 B S E 57 2(%)

i s i A JE % SLRTE IR P
15.3 mm 44.0 mm 75.1 mm 140.9 mm 253.9 mm 507.1 mm
2009 17.1 5.9 11.4 -18.9 5.8 -2.8
2010 —28.6 -29.2 -39.2 9.1 —4.2 5.3
2011 —4.8 -26.6 -3.5 1.4 7.6 10.4
2012 —48.4 2.9 —-13.6 25.6 -2.3 1.8
2013 —25.6 96.6 12.2 13.5 —4.7 22
2014 -29.0 —25.8 0.8 4.9 3.1 -2.7
2015 -29 60.5 —4.7 229 —4.8 -5.4
2016 17.5 -2.8 10.3 -0.4 31.2 —43
2017 —-16.6 4.6 114 33 42 -0.3
2018 -9.2 -1.9 18.0 24.4 -3.1 0.6
T —-13.1 8.4 0.3 8.6 1.8 0.5

TE: Sl R AR 77 BB R 2 R KR
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HIZC 10 vl WL, AL PEZE. OR . BEORAO TR B BAL Tk S A MRS, 4. iR, I
TR TR BRI LB, F At b, TIBCRECEARE, 10 Fh i ZAE 1 BRELA I 734
34 9L 94, MZELE 1~2 KA 6 4F. 0 4F. 1 4F, IR EA0 TR M4 . AT A
SRR TN BCRIEIE, 10 FrhWMZEE 1 VAR AIA 5 9. 548, MZELE 1~2 I HA 0 4
A2 4, AHEBINACRERREER, S ER R 1.9%, SRERFERRZ 96.6%. & T
AR, 3 FMEE 1AW, 3 SFEMZELE 1~2 . BT S, FEKEM R 8L SEAN R L X
S T 200 R BT e ot LS AR E

5. &

1) HBLE JRFF AR TN DL &l o5 KRR S B F R A6 MR, 2B BN [R5 A TR0 4F 43 AH
MR Z () 5 55 BRI B K &, 5808 i) SR BFER BB L, 2B a] LS se 7. & BEHA
HEfAER:

2) X GEARTET 2009~2018 -4 1 B /K BEFEF H 20 2R T 2R, FINME 5 W00 (AR 6 15 ZE7E 1 B
PAPI AN 2 BCCA N BIAFEAR 2300 5 60% 80 70%, R IRAT i J1 A5 T b 55 R A G bm e, L 00 R R 5%
Ufs T REKEH A B AR 2 1 2011 A1 2015 4F, MBS RBFREEBBUNERZROR, 758G 8 A
Wt — DR TO J5i%,  DAIAS 38 58 4 1 T AR

3) XFHrEE 88 ANk A1 2009~2018 -4 1) FEAK EEE H 4 W R, SuhERECOR, W 1 e
WIFEARTE 0~9 FH3H 40, 5. 6 FRIMENEZ: b 2 AN FIFARTE 1~10 SFh5F 51m, Sk
BEWTFARA 798 4.9 F — LA EAFEGM /D 1 R AP IR0k A 32 229 A0 22 A6 58 KR e 84 ol X 3,
PSR D 1 A IAE A 2 5 4 b 2 s BA AN 3 AN IR 2 T 6 SR R B A fE LSRR
B FAEEPEESILX . PAES T . VAT S, JREEAN R Ly L DX SRR 2 N R AR B R TR RE R

4) BubsLbREKE R 2 0 B R W ZEE 1 BCCAA TR . B FeK = R3E i, (e 1 A
PR B 2, 300 =K DLR B, ACF AN & — 2P AR TR B /K /D2 1 BCBAIA, 300 22K BA LI,
TR K AR/ 1 BCCAN AR BEIE 7 4. AHTI R 2D 2 DA R 3 LA PAY 11 3l it F 2 K AN 2 X —
e R R E &M ZEAE 1 AR T RCR, AL R B R H T4 4 /K B A 300 2K L B
R

5) M TAFFKES A 6 MURBHITMSS R KE, MH. FEE. TR FEI5 0 TR0 R 2 AL
TrEERMILRIE: A, IR ISP TN E R, SRR e, TSR AR
SE » 5 TN A0 SR B AT SR R e 2 5 0 FH R S 3RV (11 25 T A SR el , R F Tl 20 SR A e B A K
6 P T BOR e 22 o« FEURERAIE T IR SR} I AR AL 7 [ /K S A R i 22 1) AL ST R L L DXl 5 ¥
IR T e ks o FUSCR B e e .

E&mH
SH SRV B K S 5 1) 22 TR TR EL A b 45 2 (IDM2020008) AL ) 2R ARE SR TN 455 704 7 35 518 [ /K
TR 5% A ) 82 i 5T (CAAS202007) 55 B
S 3k
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