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The Spatial and Temporal Distribution of Permafrost in Northeast
China Based on Temperature at the Top of Permafrost Model
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Abstract: Taking the Northeast China as the research object, this paper investigated the degradation degree and spatial
distribution of permafrost over the years. Key meteorological elements were collected, and a multiple linear regression
model was used to calibrate the ground surface temperature data. Based on the temperature at the top of permafrost
(TTOP) model, and using ANUSPILN software for interpolation, the spatial and temporal distribution of permafrost in
Northeast China was analyzed. The results showed that the areas of permafrost in the 1970 s, 1980 s, 1990 s, 2000 s,
2010 s were about 3.99x10°, 3.41x10°, 2.31x10°, 1.80%10%, 1.59x10° km?, respectively. During the period of
1970 s to 2010 s, the permafrost area in Northeast China decreased significantly by about 2. 40x10° km?, with a de-
crease of 60. 08 %. The proportion of permafrost area in Northeast China decreased from 27. 66% to 11. 04%, while the
proportion of seasonally permafrost area increased from 72.34% to 88.96%. The difference between the model results
and the actual borehole data was only 0. 05 °C, and the model results using the corrected ground temperature data were
higher than the existing research results.
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Fig. 2 Spatial distribution of average snow depth in Northeast China from 1979 to 2020
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Tab. 2 The annual mean ground temperature (MAGT) and the temperature at the top of permafrost(TTOP)

measured by the simulated boreholes in this study

AL G (E) HIE(N) S MAGT/ °C TTOR/C | HEBhRE Obu%""# TTOP/°C
Bore hole Longitude Latitude Actual measurement MAGT Simulation error TTOP from Obu, et al””
Cw1 123.98 588 -1.63 -2.12 0.48 0.74

cw3 124.58 52.99 -0.10 -1.64 1.77 1.86

Cw4 124.51 52.74 1.90 -1.50 3.70 1.32

CW5 124.58 52.54 -1.80 -1.28 -0.05 124

CW6 124.66 52.43 -0.80 -1.10 0.79 1.75

Ccw7 124.66 52.06 -0.70 -0.75 0.49 1.58

Cw8 124.53 51.81 -0.50 -0.80 0.60 0.21

CW9 124.39 51.70 -1.30 -0.69 -0.02 0.21

CW10 124.27 51.47 2Tl -0.64 -1.49 0.74

CW12 12421 5121 -1.30 -0.26 -0.39 0.72

Cw13 124.31 50.70 1.90 0.57 1.78 0.61

Cwl4 124.21 50.47 3.00 0.65 2.83 0.85

CW15 124.65 49.77 2.30 1.28 1.18 3.03

XL1 124.39 51.69 -1.13 -0.56 0.00 0.83

XL2 124.39 51.69 -1.71 -0.56 -0.58 0.83

XL3 124.39 51.69 -1.43 -0.56 -0.30 0.83
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£h3R2
AL L (E) hIE(N) S MAGT/°C TTOR/C - HEBLRE Obu%""# TTOP/C
Bore hole Longitude Latitude Actual measurement MAGT Simulation error TTOP from Obu, et al””
GH1 121.51 50.94 -0.24 -2.44 2.19 -0.03
GH2 121.51 50.94 -0.80 -2.44 1.63 -0.03
GH3 121.50 50.93 -3.87 -2.27 -1.54 -0.20
GH4 121.50 50.93 -2.84 -2.27 -0.51 -0.20
GHS5 121.53 50.80 -0.59 -1.81 1.36 -0.72
GH6 121.50 50.80 -1.92 -1.96 0.27 0.01
GH9 121.51 50.94 -3.30 -2.44 -0.87 -0.03
YT1 121.55 50.63 -2.18 -1.70 -0.40 -0.22
YT2 121.55 50.63 -1.92 -1.70 -0.14 -0.22
DWO1 124.19 5321 0.20 -1.86 0.77 1.38
DWO02 124.20 53.19 -1.20 -1.80 -0.64 1.95
DWo04 124.42 53.10 0.50 -1.63 0.93 1.61
DWO05 124.57 53.00 -1.40 =53 -1.03 1.49
DWO06 124.49 52.69 -0.50 -1.27 0.27 0.51
DWO07 124.69 52.23 -0.60 -0.45 -111 1.40
DWO08 124.66 52.03 -1.40 -0.33 -0.76 1.53
DWO09 124.34 51.59 -1.70 -0.01 -1.12 0.40
DWI10 124.33 50.90 0.90 0.94 0.10 0.16
DW11 124.34 50.74 1.00 1.16 -0.14 0.19
DWI2 124.29 50.60 1.90 1.21 0.62 115
MHI1 122.02 53.03 -2.90 =25 -0.55 0.28
MH2 122.02 53.02 -1.80 -2.54 0.56 0.83
NE2 125.14 51.13 -1.94 1.02 -2.66 0.97
NE3 125.14 51.13 0.92 1.02 0.20 0.97
NE4 125.14 51.12 2.16 0.92 1.45 1.84
NE5 125.15 51.15 -1.32 1.00 -2.01 1.91
YTLH1 121.55 50.63 -2.18 -1.41 -0.47 -0.22
YTLH2 121.55 50.63 -1.93 -1.41 -0.22 -0.22
MG 122.28 52.28 a3l -2.06 0.43 -0.70
ALS 121.90 51.89 -3.63 -1.87 -1.02 -0.15
P1 125.14 51.13 =057 1.02 -1.24 0.97
P2 125.14 51.13 -1.19 1.02 -1.91 0.97
P3 125.14 51.13 0.17 1.02 -0.55 0.97
P4 125.14 5112 1.65 0.92 0.94 1.84
M:ffyiue -0.82 -0.77 0.05 0.75

H 7 Al 40, AR A5 2] AR T 25 B 55 Bl L K g P HE 2006—2020 £ GST J& , i FH TTOP # AL 7R AL
BFE M (R) ] 0. 6(P<0. 001) , 7 F Obu ZE2 5% M X 2 AR VR 43 A AR 1S B IIERR AT AT &2
ZEHL(R=0. 50, B5FLEIN=50) , PRI R im et [m] )3 iRy
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Fig. 7 Comparison of the correlation between the annual average ground temperature of the simulated permafrost roof

temperature model(TTOP model) and the annual average ground temperature (MAGT) of the measured borehole
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