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Relationship between Seasonal Frozen Soil and Climatic
Change in Tanghekou Area of Beijing during 1975-2017
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Abstract: At present, the research on permafrost in Beijing is relatively rare. Based on the data of seasonal frozen soil, air
temperature and ground temperature from 1975 to 2017 at Tanghekou National General Meteorological Station in the northern
mountainous area of Beijing, this paper studies the relationship between seasonal frozen soil and climate change in Tanghekou.
The results show that in the past 43 years, the air temperature has exhibited the opposite trend to global warming, and the ground
temperature in 0~80 cm layer also shows a decreasing trend. The change of seasonal frozen soil in Tanghekou is contrary to
the conclusion that the seasonal frozen soil in China shows a shrinking trend. In Tanghekou, the maximum frozen soil depth is
deepened, the first freezing day is advanced, the thawing day is delayed and the frozen soil days are increased. And by mutation
test it is found that the mutation of the air temperature during Tanghekou permafrost season occurred around 1988. In addition,
the mutation of the maximum permafrost depth occurred between 2007-2009, and the depth showed a significantly deepening
trend after the mutation. Considering the phenomenon of global warming stagnation, it is found that during 1998-2012, the
air temperature in Tanghekou frozen soil season decreased significantly at a rate of —1.29°C/10a, and the frozen soil deepened
significantly at a rate of 21.893 cm/10a. The remarkable cooling trend of Tanghekou in recent 20 years may be an important
reason for the development of frozen soil in the area in recent 43 years.

Keywords: Tanghekou, frozen soil, climate change, global warming stagnation, Beijing mountainous area

0 38

e, FEFZINEKGLRERCN, R H
HE G LR 2, RS I8,

R FIBRAT, VRS FR B R SR

TG B AR TR B AT el DL AR AR
NS 2R EIX T, M T ER L R
HALJLEESE T R BRACRR A S, 4 50 T 4B A G ik 5
TR L O SR 2T, SR BRI
FE A BRI AL R (52 M T 3 F PR L B A 2R

JicAS B HA: 2021464 A 29 B; 4% B 3#A: 202242 A 25 H
#—1E#: ZHk(1992— ), Email: 1094035069@qq.com

Advances in Meteorological Science and Technology S&EHIERE 12 (4) - 2022 | 43

IR F AT AR TR PR W R AR SR AR R
s N EIURgEE Y, HEEMERIRE, 199820124
I BRI AR “ A3 7 LR 2 T kB2 %
FEENMREES . IR AR RR 5 HE 2 5, 1998
FRRRTHHRRRIER P Lhem, HEHRHRE,
ERRARIFAR LI B ETHES, HE NI REEH
TR, MRRRALEL P RBYE, MELF
T B AN B HZ I R R O R, 7E



k
EPTE L/
dvances in Met S&T

20004F DRI E L H L T 2R SRR ZE M %, HH
K70t IR R R (s ek R Ik, 4ER
BIERZAIAFER Z F 1, IR H % 7£2000
SEZJE W JUAE PR SR A, (H A BRER IR AT
S E By S I ) @i s A S E AN i o | B
R, ARSI BT, TR R R R
MIBURAR R 88, AR IHE - -+ 5 B E (K,
St SR A R R R R AR B AR SOR S R AR AR
R B, 20004F LR IR AR “ S LR
A BRI R R AR

FAN, DA F G LR, & AL
TN LI FT . e db s R ARk 7 T A K
B AL: LA SRR ERE — SN e B,
RINSIETE . B ZRKE S, Fd H B
MR E R TGS, BRIEHAAIRTERE BTt
Fad, M IRAE B R A R IR IR AN,
T A A R 3 P A 5 280 ot b B S A AR B 1 52 1 3R
W, IR ELE R R 4 BRAR R R S AN s R T b T S
T Ab B AR T A 8 RN R R B ok
JE T PR XS A AR A e 87 R 7T EAR A0 L. AL
WM RS, Hob. JbMRIEEE LS, (WX
BEETM61.4%, EAFEEMHLRE. FHILKX
AR IR AR RN R N, VR L R R AT Y O E AR
KA, EEETTR. P, ESEZRER KLY
N, A Phgi O], bt X% - 5
o RIATIIC . I R 5k, HRAEAR
BRIEI LG, HET ATz DR L AR RRE,  BAoR
AL I X AR A B2 T .
1 FREH

By M AR AR X, BT BRI AT Kb 1
WA, g, T aZFhizd, FEEIEK,
RIGHE o B VSR T % TG0 1L T2
b WA Z AR R st/ H H19744F
g DR MARIE S, SOOI A R g

i VS G0k B 19744611 H PR T =k £
NI, BRI R 1975—201 746 1% -+ 3% H %8s iz F
A MR R, RIS 26 Mann-Kendallfs:
5\ MRS ATETT VL, W O MR AR
REAE, B NS5 AR b e Y

REFWIE, APl E—E1HELEIHIERN
—ANEEZESHT, BISCd “19884E 7 BT AR IS A) B sk
PRt 19874 11 H 1 H A 19884E3 H31H, HALFE M LA
e, ARFREEED B ST, AR AR AL
P A 1A) e B 5 A ) o TR O T AR R R

MG, R HEG VIR B ARG H 4% SEBR i s gt
e i R LR e A SR ) Bt — Mo B —4E 11
AESEIA . Bk, o7 @SR HAE G H
ik ass, 0 E—HF11A1H NG LI EIESE 15—
H, ME3HTH AT BRI —H

SCH TR R IR BN R BR VR HIREE, AR IZ H
Ui IR BEA s AN FE B KR IR B
2 HREGW
2.1 F4FE

XFgA] P43 R LR BEB AR AT Gt
R R EIRJE ) 2 422 884 cm, [ SR dR )
N62 cm, HILFE19914E, H A N115 cm, HILTE
20124F .

ITASFEHR LFE H TR G SR, B 1z i
X ¥ 06 H i S HIE 107, s H B i e 4
H o 435910 H MGV IIAUCE 134 1975, 1979, 1983,
1985, 1987, 1988, 1992, 1998, 2000. 2003, 2006,
2011, 20164F ; 4 R LARVRICA 114 1977, 1980,
1991, 1993, 1996, 2005 2009, 2010, 2011, 2013,
2016%E . ZEFEM iz O HIEAE N A EE, 3AM
R, HITA3FEMFGEEHEH NI A3 H, Pk
HWIA3H29H .« ¥ L1 + B BORE 1% H g
B HMAE AR (B2, PR EHECh156 d.

55
45 1

— RUH —— %A »=0.0983x+26.605

A/\ /\ Rf0'03/7\4 /\/\_A

35
25-V/—\'/\ VV\’L/V\'\/ v/
% 151 v Vil /
; N J\
m 5_[/\\//\ I’\ P BV ’,\\ A \’\IAV
—5 \ \ \A\I \\/ N \/ v =
154 vy | y=0023x+2.7641
s R*=1E—05
1975 1985 1995 2005 2015
e

E1 1975—20174 i7" NA LR ¥IAB AR B ERREN
Fig. 1 Annual variations of the initial freezing and thawing
date in Tanghekou from 1975 to 2017
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in Tanghekou from 1975 to 2017
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Fig. 3 Annual variations of air temperature and the
maximum frozen soil depth in Tanghekou frozen soil
season from 1975 to 2017 (Solid lines show the maximum
frozen soil depth and dotted lines show air temperature)

RKIUASGLRHEE S LFRE. BP0
PR R TEARTSS, SRR B T WIR H LS, HRp&
R R S5E L FERR . FPFRES 2K,
H¥i 50,01/ B 25 A B0 o JH rh i R VR IR B2 AR
+FAR MR RN-0.727, WEFHT5EFHAR
A 9K —0.440; fif vk H 5 R 2RI AR RECN
—0.589; Mgtk L HEM S, SH-FHEME L=
AR AR SRR BN BRI s ¥R H 50 L
R TCWIRAE G . Ui W L Z R 2 RN ]
R IR AR R IR 3] 2R 3
F1ALHERSALESR. FTHSRNEXEEE
Table 1 Correlation analysis between frozen soil features

with air temperature in the permafrost season and annual
air temperature
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Table 2 Regression analysis of ground temperature in

0~80 cm layer
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Fig. 4 Annual variations of 40 cm and 80 cm ground
temperature in Tanghekou from 1975 to 2017
(Solid lines show the 80 cm ground temperature, dotted
lines show 40 cm ground temperature, and blue lines
show the maximum frozen soil depth)
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Table 3 Regression analysis of the maximum frozen soil
depth and the average ground temperature of each layer
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Fig. 5 Variations of air temperature in the permafrost
season (a) and the maximum frozen soil depth (b) in
Tanghekou after M—K mutation detection, 1975—2017
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Fig. 6 Variations of 40 cm and 80 cm ground temperature
in Tanghekou after M—K mutation detection, 1975—2017
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Table 5 Climate tendency rate of the maximum frozen soil
depth and the air temperature in permafrost season
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