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Abstract

Based on the collection and analysis of meteorological observation data of ground temperature
and seasonal frozen soil in Hohhot City during 1961-2010, time-variations of ground temperature
and seasonal frozen soil were studied, and the basic facts, characteristics and reasons were also
discussed. The results showed that: the ground temperature rose remarkably (p < 0.05), and the
soil frozen state and maximum depth of frozen ground changed greatly within the fifty years. Fur-
thermore, their degrees of changing were different among ages. The ground temperature and soil
frozen state changed rapidly in 1990s, and the most severe changes of them were occurred in the
first ten years of twenty first century. The maximum depth of frozen ground represented the
process as: from shallow to deep, then to shallow during 1961-2010. Changes in ground tempera-
ture and air temperature were not synchronized, and the change of ground temperature lagged
behind the air temperature. The rise extent of ground temperature in spring was larger than that
in winter. Daily minimum and maximum mean surface temperature were increased obviously
than the other two ground temperatures, and their climate tendency rates were 0.45/10a and
0.43°C/ 10a respectively. The substantial advance of average thawing day (about 7 days in advance
every 10 years) directly affected the frozen days. 1970s to 1990s was the greatest period of max-
imum depth of frozen soil, and the maximum depth of frozen soil in the 10s was decreased by
about 17 cm compared with the 70s-90s.
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HE

XA AT X 50a (1961~20104E) il K ¥R+ Z R BUR A AT 0ZERY B, BTIT T iM%+
BERT IR IR AR, R HEAREE., FERRWRE . S5R8: SOFERFARERRT X BT & 83 (p
<0.05). HHEEHFREXBAGLREHREBRKZN, AARAFERBNBEEBASHER: 905RHE
AMEBEBERSRER, 10FAMBEHERARA . HEBNERSZURARE; BRGELRER
DANHEREGR. BRROSE. BESRENZUARY, MBHRAEETSE, FRUEARER
RKTFL&F. ARETFHBRERENDRFFHBRERRICHRBERRENA R, [URBHERL A
0.45/10a#10.43°C /10a; P39 B K KIBR AT EARIVAF10ER AT 7R ER) R S BAHF RN
RERRE; 70~90FMR NG LRERRKNNE, RAGIRELOFERET70~90FERLM17 cm.
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1. 518

IR PERITEM DR AR R AEBN —FBE AT BL BB A 2R AR H 28 590, £
RIS RO R T OREMTFT[1]: MECZ TR, T AR - BT SE A X b [2] [3]. R E
-5 R RIAR AR P2 5 245 RUBE IR s AR AL A [4]-[6], Tt I AR H A D R iR 0 S5 B3 1A
WR[4] [7][8], =AERS - UM ELAE I R b A 2

F R AR PP AR R X A )iz B SR AR I (L [9], AR IE SRR U AR IR WY 2 i1 SR T
[10]-[15], ZR Gtk et i A1 PE R - i) SR ASACAFAE, RENS Dyt — DT e FLXT A AL 1 S A T 3R it it
T I Ao

PRI S B6 DI E T, WA R T A3k ALt R e S T, i ok X TR 2 i 2000 4K 2 /i
(A2 100 km?, K J& BIBLAE () 260 km?, ] 2020 45, WFRIFERS sho O30 X H BSOS 75 ) 310 km? 2245 (&
WL BRERSEXS AN ) [16]. CARFAIREN], URARMAN NG B & A il AR 7 AR K28
AE[5] [6] [17] [18], AEH-3EIRIET VR LR LRk, X 2 SR SOE B T A2 I SR Bl R
[8] [18] . ARSCitH i X W AN 5 17 [X 3 50 SFORIR S Z= iR AR 0 T 7T, i . 3R
B BRELREET RGN ZH SR TEERSHN RS HERA —ENSENE.



2. FRIh R R AbTE Tk

AT R IR R 2 A X R St 1961~2010 4EMIR . 3RS KR IA] . B KTk
IR R . WAL T R4 111°42', Jb4: 40°45', kN 1045.4 K.

2008 4= 2 /il v N T UM, A H 08 Hef i a Rl 2 S5 A0 b i (PR S0 AR B 1) 14 B 00 o i 2 i
e b e (/KR e e il B 1) 20 PN E MR S, B E — R (20 I I 20 ) ERAR . f E b A 2
(3 YH I A AIA - 35)): 2008 4F H 3 Gk i G, w5 e B I8 A B a8 2 B b J 00 e 485 SR i
e — Rl Bemthie, PR — R A ig o b i 2 A7 IR 35 )5 €

R H S50 H 58 LIRS AR TR B HH, SR RECN T3k o BUREIRESH R E, KA
R 28 N T

ARG 500k SAS (8.1) G HHFE A [19]. 4 AbH [A] (1) 2 53 5% FH B[R 2% 5 22 43 #t (one-way
Analysis of Variance, ANOVA): fE77 Z 5 Mtk e v,  ¥5{H [a] ) Sl 35 M 72 el DR B 1k e /N Wl 38 22 ik
(protected least significant difference, LSD)it%5[19] [20]. Hbii i) SARA 1) 28K Fl — Jo 2 7 FE 40 7V,
Bxfiass 2E0d4T 7 B EHERLE19] [20].
3. BRE S
3.1. MEAYTEILAFAE

1961~2010 4, FPAIFERETT X A H RACFIERRE . HPHEREE .. Hixm FithREE M H
S 40 om VR IR 50a YE 4> I H-3.48°C . 8.31°C. 28.72°CH1 8.47°C, 50 4FkPUHIR IR B & (p <
0.05).

DL 10a B[] ROBE 3BT (2 1), VU8 H DL P 35 b 2 5L R A I P 3 MR35 FE i R S 8 8
& H IR IR R A 8, AR > HIE 0.45 A1 0.43°C/10a, H P 40 om v ey DU 2 s o ot
TR B /0N 1) 5 50 SRR [ FEAS I 5 THE Y, k4l 60 4R % 90 EAREEA B T — M PR i B,
90 AFANZ JE bR T, HE 21 S ET 10 4E 9 G vHAEAR A MR G TR s O R 2L I B, DY 2R HbR 4y
AL B2 60 SR T 2°C A A, B 50 AEE{E TS 1.58°C . 1.42°C, 2.09°CAHI 1.13C.

3.2. IMEARAR AT

1961~2010 4 50 4E[a], PEAIGEARS T X A I AOR S Bk b R VRgs H IS . R0 0 g ar, °F
IR R B8RP BIRE R 2) PR 45 HAE & ARSI FE R/, 2001~2010 471734547 45 H e T 40
SRR 11 AAIHESS R 11 H A, BOET 40 SEIMEHES T 7 R PIMRA H N 4D 60 FARE A HIL T
KIEFERIERAT, 1 60 AR 4 A RFERTE] T A 2007 10 4510 3 AK, Bk 80 FAR% 70 AR LIE FE (2
RYBNZ b, FERRIUNEE 10 48057 7 KA A, 21 HEEMTHT 10 G0 P MR H AR s R 2L B
B A 90 AFEARIRAT 1 14 K, BUHT 40 SFAIIMESRAT 1 22 R A TIIVRES HHEG . PIMETR H 1)
PERT, “PIIEEREAE 50 fEAHE L T W 1A 4K, 2001~2010 4 8] ()P a8 dR R AR 2 60 AEAR
W T 36 RIE.

SRR, WRRTERR T X 0 N T el 70 SR 60 EACH L T BN B RIS, 70 4
R~90 FANBONFEE NPT B, 90 ARG OUH AL MHT 10 ) AVR4S HIAHEG « MR HER AT
B R R 2 R B

3.3. BAFTRERNTEHE
TR Ay A T IX e R R A P 1) AR AL e R (B 1), #A/ME R 2007 4211 88 cm, R KAE A 1984 K]
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Table 1. Average ground temperature in ten year scale during 1961 to 2010 in Hohhot city
72 1. MERIE4ETHX 1961~2010 £F[8]) 10a RE#RF4(E

P4 L 2001~2010 A1l
10a P EE(C) F AT
1961~1970 4¢ ‘C/10
1961~1970  1971~1980  1981~1990  1991~2000  2001~2010  HiiH Z{H('C) ( a)
H 5% 2 3 3235 -4.10 -3.70 —-4.27 -3.44 -1.90 2.20 0.45
H P3R5 7.87 8.05 7.68 8.24 9.73 1.86 0.38
H i w3 Hh e 28.90 27.70 27.98 28.22 30.81 191 0.43
H-F15 40 cm 74JZ HiiR 8.05 8.13 8.09 8.46 9.60 1.55 0.33

Table 2. Average soil freezing date, thawing date and frozen dates in ten year scale during 1961 to 2010 in Hohhot city
7= 2. MEANERFT X 1961~2010 £FiE) 10a RETIRAFLS . AT BB FHHARY

At FiREE H PR H PR R EL
(A -H) (A - H) (RI4)
1961~1970 11-6 4-26 172
1971~1980 11-7 4-19 164
1981~1990 10-31 417 169
1991~2000 11-8 4-10 154
2001~2010 11-12 3-27 136
10 A5 1T 40a BI{EZ %= +7 -22 -29
RN SRR PR AT B>
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Figure 1. Variation of maximum frozen soil depth during 1961 to 2010 in Hohhot city
[E 1. MERIFE4ETIX 1961~2010 £ R AGHET RETK

156 cm, #kZik 68 cm, 50 FEME N 113 cm.

A 10a B (A REERE (4 3), 70 55 80 AR T35 e K%k IR B fe K HLIBO A IR B B (p < 0.05), 20
SRS 38) B R VR LIRFE Y 124.6 em; 60 4R 10 AP35 5 KVR R BE e /N B (p < 0.05), P
4 105.9 cm; 90 4EARAL 60 FFEAUHT 10 FEACAH A R, H =AMEAR L B AT iR 35 1% 22 57 (p > 0.05).
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Table 3. Average maximum frozen soil depth in ten year scale during 1961 to 2010 in Hohhot city
7 3. MEFniE4FTHX 1961~2010 £ (8] 10a REFHHAFLIRE

1961~1970 1971~1980 1981~1990 1991~2000 2001~2010
B RVR LR (em) 104.4° 124.0° 125.1° 111.2° 107.5°

VE: AHEFERMELE 0.05 BfE/KTF NEEREEER
4. ¥1ig

Y OCLAR, HEAIKIMAMAE AL, 3% LA RS MR K, &N
FERHA L (BUNR A H U ZE Y B) ENGRTCER 28A) U RS F R LR AR AR B) [9]. 11
H B4, PRERIEERETT X LT AGVR S, , SIRFEM 4 A RIS MR, 2290 T LAFRSE 5~6 A H . 1961~2010
S, PRIFERETT X (P 3R REUEBAARSR VR A = AP BE: 60~80 BN E B, 90 HARAK
IR/ N IR B, 10 SEACHGRERIRN B, X — AL A SR R R BRA EAR —F[15]. 5 Tk sE
HAHEL, PR H R IR SR T2 51 R AR RECR ) R Z R (6 2), RUE 50 4K, w14 MR
re i Bz /N T ZE IR T R B . H T A W T A AR B, BRI R T X AR R I IR K T B R [15],
Ui B A5 R RS D AT 0, MR AR A S TR, IR T AR B T AR T e R AR —
EFEIE 5 KA

IR B2 . IR MR KA. MR T IR SR T IL RIS (8] WA T
X F R 7K M 20 tH4g 70 EARTF4A KA RI[21], 17 60 AR R /K @ T EHARIRES, b R K A7 4
m, RIHEREROR, BUERIERERIIN, [ RIBEAEA GG, RIS RET X 60 FRCF &R
HRLIRFEATR: 90 FARE 10 AR, WPAIREHRE Tk i A g RE R R I, ph U 51 R RSB AR A S AR B 280
SR YT T X R R A RS R SR, DRI T (AT BR R R TR, S AN R T A
EWZ, ERE KRR, HE R R K R A RSl 60~80 AEARMEANGERRTH X P A
HEURHI W 2.7 K, 90 418 3.7 K, 2001 4~2012 £ 738 3.4 K, FROKIIE L . S /K EI 8 KfE
FFIX I B VR R IR L 70~90 AR SCH I T W R sk 70~90 HEARAL TS A5 AR A IR 4 (H 1 oK 7=
AERZIFEA T R K OS2 BB R R By, B IR R KA SR A AT R B
BRE)E MR VR, Bk 70~90 AN AT 60 AEARZE A VR R BE ORI B

5. &

1) 1961~2010 4, WPAIEEE T X HuR A 0, {H 50 FE R BEIR AL . L H AT 2 Hh 3 35 5 Fn
H B i T S5 b 2 T P ) 1 R A S5 T O IR 2, 0B A0 1) 223731 24 0.45/10a F1 0.43°C/10a, /N T-IEAIE R X
0.52°C/10a F MR 2R [15]; 90 HACHLRRE 7, 10 RN HL R B IR SONRIZL RS B . B 254k
e TR, FEMETRIEE KT LS.

2) i 50 3k, PRARIERET X A IR BRSNS H /MBS, R HIRIESE AT, BHR RS
T HRE e P RIARR IR ORIE SR AT 2 51 R R R BB I B R . 90 R 5, JoH A4 1T
10 4F, N RIEEVRIRAS A0 B 2 IR B

3) NI IR EET AR K ZE S, 50 FEEEDNHERBIR. BRI, 70~80 0N L
RIEHRET B, 10 AR RN 60 AR /K, #5% 70~80 AP 3 K IR E ks 17.1 cm. 7E
AR (S S T, WP AN R T LRI T A g I B AR b DX et T P AN R 1 T S PR 5 T

E&mE
NEEATAV (R R —— b 77 R Rl A2 S RGPS HARTT & GYHY(QX)2007-6-24
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