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The spatial-temporal distribution change of maximum frozen
soil depth and temperature change in altay region of
Xinjiang Province from 1963 to 2012

LI Hai-hua', LIU Da-feng', DUAN Shu-fang, LI Xin-jian*
(1. Altay Meteorological Bureaw, Altay, Xinjiang 836500, China;
2. Xinjiang Agriculture Observatory , Urumgi , Xinjiang 830002, China)

Abstract: Based on the Maximum Frozen Soil Depth and annual mean temperature and Extreme low temperature
across seven meteorological stations in Altay region from 1963—2012, using linear regression, Mann — Kendall mutation
detection, Hurst R/S analysis method, the temporal evolution and spatial distribution of maximum depth and tempera-
tures of frozen soil were analyzed. The results show: the mean-square deviation and coefficient of variation of maximum
appears in Jimunai; the maximum depth have declined by 0.574 ecm*a™"'; The annual maximum frozen depth almost al-
ways occurs in February and March; Maximum Frozen Soil Depth appear an abrupt decrease in 1986—1987s in Altay re-
gion; the deepest of annual Extreme and maximum of average and average of maximum depth appears in Qinghe; The
Maximum Frozen Soil Depth and are negatively correlated with annual mean temperature and Extreme low temperature and
the correlation coefficients are —0.508 and —0.293.

Keywords: maximum frozen soil depth; spatial-temporal distribution; temperature; altay region
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Table 1 Stability and trend rate and tendency coefficient of the maximum frozen depths for stations over Altay region during 1963—2012
— wEE AT A e EET il iy
) Habahe Jimunai Buerjin Fuhai Altay Fuyun Qinghe Total
MihElem 20.509 28.021 12.417 17.42  14.219  18.289 20.468
Mean square deviation
s %
lﬁ./%ﬁ/% . 0.254 0.303 0.240 0.234 0.242 0.252 0.197
Coefficient of variation
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Table 2 The decadal variations of the maximum frozen depths for

stations over Altay region during 1963—2012

X 1963— 1970— 1980— 1990— 2000 4
Region 1969 1979 1989 1999  LIfE
W5 B3] Habahe 93 9% 89 68 66
FATY Jimunai 116 125 94 69 71
A /R Buerjin 62 o4 52 43 44
I Fuhai 84 91 67 63 71
BT 28T Altay 67 62 58 58 59
B 24 Fuyun 64 78 83 60 75
I Qinghe 109 110 118 98 89
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Table 3 Monthly mean depth and days of various ages in Altay region

AR Years 104 11 A 12 A 1A 2 A 3H 4
60 41X 8 38 74 105 124 130 112
70 454X 9 45 80 108 127 128 110
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90 4EAX 6 36 68 93 102 101 53

2000 4F LA J5 6 37 72 97 109 106 31
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Table 4 The Hurst index( R/S analysis) of the maximum frozen depth for stations over the Altay region during 1963—2012
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Fig.2  Space distribution of the maximum frozen depth in Altay area
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Fig.3  Variation of annual mean temperature from

Oct. to Apr. next year in Altay area

¢ Ui LR ¥ Depth of frozen soil

120
— 2& (¥ VR 1) Linear(Depth of frozen soil)
110
L L ¢
100 | -

y=-4.160x+50.229

: 2 Y& J& Depth of frozen soil/cm
~
(=)

60 | r=-0.508 LY’

50 ¢ .

40 1 1 1 ! L L L 1 1 )
-12 <11 -10 -9 -8 -7 -6 -5 -4 -3 -2

-4 < ik Mean temperature/C

4 MBRMWRFFH[EBESHELIRERXR

Fig.4 Relationships bewteen annual mean temperature and

annual depth of frozen soil in Altay area



55 1

PRI AT YT HRL B 2R X 1963—2012 AR fie KR IR BE A 2 A3 S HO i A2 AL I 1 257

2.3.2 MamRKABARRALREG Y w N
Bof () AR ok A (8] 5) , 1963—2012 4F 10 H EIk
A 4 ) B b DA AR R IR BT R
HETFR A 0.8°C-10a™" . HEE Wi MM E
T, VR R VR BETENEIN () 6) , [ 0 B4 A% o e AR < IR 4
FFER 1°C, % BN 1.4 em, 5 KR IR FE S5
Uity Fpe AR AR Z 0] I AH DG R B - 0.293, 38 3 75
0.05 1.2 MR 58 , U BH fie R VR £ TR 5 W ity fe 1
SIRZ AR — I AH G . T3 NFR 1 AR5, B
VR VR B B A B 72 A 2 Y 8 19 /N e A, 10 ) e
TRV = TR PR 68 /N A1 32 A i e 0 A TR T 35 11 5 T
e ity B (IGACHR T, e KR IR BN, A i I
IRAIRNT 5 A R BE 1) B2 M AS 0 S 35 SRR KR £
RIS A

o

—— 4 A% ity 35 fIK < Ui Extreme low temperature
— 28 VE(AE W o 412 {% () Linear(Extreme low temperature)

'
[V

R i 3 A R/ C
Extreme low temperature

5 MEHZFMEX 10 AERE 4 AERRRESKBEEN
Fig.5 Extreme low temperature from Oct. to Apr.

next year in Altay area

120 ¢ i LR ¥ Depth of frozen soil

Eq0p T &MEQR LKD) Linear(Depth of frozen soil)
= .

= . .

2100t o,

S 90+ R . R

% 30 e

£ ‘e D Ca .,
5 Q Q]
2 70+ LN N

I y=-1.379x+46.428 . “ N . .
= 0T =-0.293 TN
 sof . .

IS
=)

-32 -30 -28 26 -24 22 -20 -18 -16
3y doe A& i/ C
Extreme low temperature

Bo FMEHFMXFRFEREIBSHELIRERNXR
Fig.6 Relationships bewteen Extreme low temperature and

annual depth of frozen soil in Altay area

3 sk

D HART ¥ O = AR = RO,
28.021 em F1 0.303% , 3X 15 B 75 A % () e Ktk IR
FE R M e 25, 3895 25 5 /N A R R ) 28 7
AR 2% Z 80/ N T, U AT A R T S R AT

)8

2) Bl 2 X de KR R EE LL 0.574 em-a™!
(1038 B S D, AH G RECH - 0,601, 35 T {F
0.001 FYJ2 AL TG, 1K BRI 2540 JC KO 5 I At
PR B 2N B — S D e Rl - 0,275 ~
~1.410 em-a™ ', & 2535 UT 50 a KRR LR E 2
DA 24 0.030 cmea™ "4 580 BE WS A H9 A0

3) Bz XA VR VR EE N 77 em, AF B
KGR EE K 107 em, HELAE 1969—1970 4F ; 4F 5t
INERTREE R 51 em, HBLTE 1997—1998 4, Fie K%
R 2—3 A K, SFE AN LR R T
100 em, KN 1 A, FAFEARR TR LB KT 90
em, 10 H 03 2 05 - B H B i /N H 0y, 45 SRR R
TREH/NT 10 em,

4) 3 50 a F5uAER K HEKT 0.5,
U BH I KR R B 7 5 ELAT R, B AR SR AR e R
i - TR BE B 26l 47K T IR A0, JE A % 3 4 4k
S0 T BT 2, DX B KR 1 TR ) 5 728 I )
T 1986—1987 4, KA T F B Ha 4 i 52 48, fE 45 B
sl A R E A kA R At vl 34
T TR,

5) PSR IX B K R IR A M i, 45
S INEN N RSN SOl r NI S S|
{ELAY S KA BAE T Tty | FLUR o AR T

6) Pl i X fe K A+ R 5 R G -2 R
T AR Sty B ARG AL 9 A G P Ao, v 5 2 <R
MIAHDCPE B i . [ -3 OR B TR 1°C, %R+
TREEW/IN 4.2 em, [ AR A o 5 (G SO B T+ 1
PR IR/ 1.4 em,

AR SCHIFFE T 0] 8l 2 i X e K VR B AR A
DX AR [i) B 2 () E B 43, BRI 2 Ah , e KR IR
W5 AR 2 R S K Mt R S
TR A SRR R 2 A G, A e R X 26 Ty 1 3
TFRARIE o 539Nk £ H BVt S SR AR Tt
FFM N, A JE AT LAZE A A T3 5 T F 5T

2 £ X Wk:

(1] EAG)R . <R MMTE [M] . b s A% W iR, 2003.

(2] & o, BENL ISR, S5 20 40 5 W17 R IR AR S g £
ARG AR R R L] A4, 2003,22(2) : 191-
196.

(3] X4, BT, BRIF, 5. 75 R 5 R X8 1b i i R
[J1. 7K1 £ ,1996,18(81) : 157-165.

(4] &%, 2R SR b E 245 0 4 A8 XA 55 19 52 )
[J]. B2, 2000,55(5) : 545-554.

(5] XU/ANT  ZERAE . 3R B K - IR Bk S B g ke (]



258 T 5 H X AV A5 532 4
S424,2003, 14(3) :299-308 . (17] B &, Z220,2 fF, 5 B du s X Z2 00 vk £ 450 0T

/IR, A . PR b b X 25 M S5 VR - TR B 1) 4 A B fk
FRHE[J]. TR, 2008,39(2) :238-243 .
B A7 5 5 HA - Bl B ), PR SR R g A X 1961—2010 4F Fx K
R[]]SR 4 ,2013,7(5) :25-29.
o EARE K oA H NIV R VRS TR AR AR PR AR
ACHRAE B LA T LI vk PR =, 2005, 27 (4) :503-508 .
FRRT, 2207 B IR, 25 . 1961—2002 43T 0 2= 40 v + £ 4F
A K A A [T] . vk ., 2005,27(6) : 820-826.
B 1, 2T 3T S0 ARk b 2R R 5 e AR R e
ZAFABERIE [ J] . KRR ,2008,32(3) :432-443 .
# Ok, SRIIE . HOR I L TR IR RN E AT W
G [J]. T H X AR ITFSE ,2009,27(1) :254-257 .
TRUETE, AN, XA L AR % 1L X F R+ IR B R AE T
NSRBI (1] . b A 2 4, 2009, 25(22) :301-305.
TWesE AT SR, T M, AR T HEUR B XK UM AL
FEHEIRLJ]. vk 1 ,2009,31(5) :953-959.
W, R, R NS, S8 TN MR R T RS TR R L 2
FEEIRIRA ST ()] . 1R 28 ) 5 TR, 2007,3(5) :893-897.

(18]

[19]

[20]

[21]

[22]

(23]

[24]

B HBRMCRLI]. V)% 1 ,2012,34(2) : 328-335.
WL R, TR, A R R R R A AU AR
[J]. vk 1 ,2009,31(6) : 1051-1056.
WREs , b de, gl & 2T PR AT PR - A s oy
A et SR AR Ak )i [T ¢ U A2, 2013, 35 (10) : 2104-
2111.

SN SRR /NS, A AR L X SR R A 5 e as
IS )] . R 2= R ,2013,28(4) :497-508.

T, G P EE 500 B H S B KRB BB I I 25
AL T] . KR £, 2012, 34(2) : 247-256.

AL, XA 98 T 2 (X A AR IR H B AE L) ]
T-B54,2013,31(3) :508-509.

ZEAE, XA . 1961—2010 4F BT 128 X 4 = [ 5 H 40158
BERSMEARAE [T Y B 5 50K 4:,2013,7(S1) : 28-29.
ZMEAE 2 M, B e, 4 T R X A M s R AR TR AR
o3 Hr[T] . BSR4 ,2012,6(6) :41-44.

B AL A, T8 R R/S 5 A 22 MR T AL
BNE[T]. R4 ,2001,27(2) :7-15

[15]  fepate, PR, BRI, 25 0 - i 3l J R PE T 5T e B 5 [26] BRIE. BAC SRS WT B H AR [M]. db ot <4 HAE,
)] A TSR, 1998,20(5) :80-84. 1999.

[16] ZRFFH0, BB, XU . 75 A B 4 2 A R X s 4k [27] FEW,BHE, B @, 5. BramprshZe i X FU AR R
HCAE I e 434 L] 7K1 4 ,2005,27(1) :50-54.. HXP sz [1] . vk % 1 ,2012,34(6) : 1293-1299 .

(L% 245 )

2 & X ik [13] ZR4r %, BMFE, B 5,55 0K 40 a 5 BUREH0E Hh mK 75

L PIARKILAY N =1re . -
(1] U K SCIRFRA Kt LM AL Fh 2 th A 1997 ROGERMREBITLI]. T 7 KHA,2010,33(6):861-867.

(2]

[10]

[11]

[12]

Wit , BB 4AE . M I 08 2 A 3 [ 4% 2 R AT [k i
AT ROKIE G BITEIIFE 1] KRR ,2002,26(1) :9-22.
ik 3. AT R K S T KRR TR R [T]. R4, 2004, 3

(2):9-11.
RS . 3R [ 1 7K P K o5 ()] R4 2% 4k, 1958, 29
(1):33-43.

BN, SRR, WL 45 B B AR T IR K PR R AE S
H5M TR KR E M2 [T]. KRR, 1998,22(4):
460-469 .

TR, R R, ¥ o5 4B R RUBE 45 Hh K B VR 2 AR 4R AE
[J]. H LR 2= 24k ( B AR B AR) ,2006,45(6) :97-101.

SRR IR B AU X K R /N (] TR
X EH,2004,27(1) :66-70.

48 B 3E VAL Bl b 2 KV B IR L L) ] KR 244, 1994,
(9):79-87,93.

R, AT, £ S R E PG X S R AR IE LR R
WF5E[J]. KSRk, 1997,21(3) :331-340.

T 708 AR, K, 45 AU IX L F Kk 5 RAUKIAE
SR K SRERAAE [ T] . M 5 PR B 5T, 2003, 8(1) :35-42.
EECINTICANEE I 521 = s e e it o A R SR TR Tk e
AL KRR R, 2006,17(2) : 164-169.

ARIRME , AR . B is AR AR ZoK s R )] TR IX
WF5Y,1992,9(2) : 1—7.

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[22]

(23]

[24]

AT, EEAs , 22T e, 45 . b b X 23 oK Y340 A RRAE S 28
fea RS LI]. kR +,2003,25(2) : 149-156.

FREFHE AL, KT, S B PG b=k ol B T 1 R R B 1 B
SRR 1] k1R 1 ,2002,24(3) :219-226.
R, XWE =, PR, 45 . I PG 5 AR TR I — 2k ) X S M 2 B8
WASRRAEL )] . TR X5 ,2010,27(1) :31-38.

ZWTE L B ST, 2SR AR PRI T ERE X+ SR LR
SHELI] . TR KA ATSE ,2011,29(2) : 147-151.

ZRATIE, B3 MR - R R 3, X Mg, S LI S0 AR TR I T
R A AR A AARFAE 23 [ ] T 53 X &0k 52, 2013, 31
(3):252-259.

REE, DA, FF, % 50 4Rk ] B B IR AR L ARE
KHETTR 1], TRHX AT, 2007,25(2) :226-229.
FAT, kA, BN E B, T 60 41 A6 35 40 U ] 30 4800k )
AR [T] . TR X ARV FST ,2012,30(5) :235-240.
SRALE P, R0, 45 P TR X K B IR A B
PEATRE[)] . TEHXARNAFST,2011,29(6) : 157-163.
W ARG SR 8 ML U gl it
2004:28-88,193-214.

JEAE R, KT, 2R, &5 . rp P b A el I T 1) IRV A AR
FOSFAE ARG [T] . S U057, 2003,23(2) : 152-164.
RUbE, R B RSS2k (ML AU K
WAL, 2005 178-245.



