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ABSTRACT

This paper discusses the temperature factors leading to per-
mafrost instability, and explains the causes of permafrost
instability from the perspective of land surface temperature
(LST). First, the land surface deformation of the typical per-
mafrost area in some period is extracted by the using the
dual-track differential interferometry (D-InSAR) technique
with Sentinel-1A single look complex(SLC) data. Next, the
annual average LST and LST range are calculated using the
spatio-temporal interpolation algorithm for MYD11A2 prod-
ucts. Comparing the distribution of land surface deformation
and LST, findings show that permafrost regions with lower
average annual LST and larger annual temperature range are
more unstable and more prone to surface deformation. This
research can contribute to unveiling the process where LST
affects the freezing and thawing of permafrost.

Index Terms— permafrost, deformation, D-InSAR, land
surface temperature

1. INTRODUCTION

The change of LST causes the mutual transformation of ice
and water in the active layer of permafrost, which may lead to
large-scale ground deformation in QTP, and severely damage
the regional infrastructure.

Now, the existing research mainly uses the dual-track dif-
ferential interferometry technique or long-time series differ-
ential interferometry to monitor the surface deformation value
or deformation rate, and determine the stability of frozen soil
according to the deformation results, but the cause of frozen
soil deformation is still not fully explained. Therefore, it
is very necessary to determine the relationship between per-
mafrost stability and LST and to explore the LST characteris-
tics of unstable permafrost.

At present, numerous researchers use MODIS datas to de-
termine the spatiotemporal distribution of LST[1, 2, 3]. How-
ever, due to the occlusion of clouds, there are a large number
of missing values in MODIS LST data. And the spatiotem-
poral interpolation algorithm is currently the most commonly
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used method to fill in the missing values in MODIS products.
When monitoring the stability of frozen soil,differential inter-
ferometric synthetic aperture radar (D-InSAR) is widely used
because it can effectively monitor the surface deformation of
long-term and large areas[4, 5, 6].

Therefore, in order to determine the relationship between
permafrost stability and LST, and to clarify the LST charac-
teristics of unstable permafrost, this paper uses the dual-track
differential interference technique to extract the typical per-
mafrost region over a period of time from the Sentinel-1A
data, and employs time-space interpolation algorithm to fill
in the missing values of MYD11A2 products for consecutive
years, and then the dynamic changes of LST in the typical
area are monitored. By comparing the results of surface de-
formation and surface temperature, this paper analyzes the re-
lationship between permafrost stability and surface temper-
ature, and explores the temperature factors that cause per-
mafrost surface deformation.

2. METHODOLOGY

2.1. MYD11A2 data processing

The 8-day synthetic LST data MYD11A2 with 1km spatial
resolution is selected in this paper. As shown in figure 1, we
first extracted the irradiance brightness layer and quality con-
trol parameter layer of MYD11A2 products for many consec-
utive years, and determined the pixels occluded by clouds ac-
cording to the quality control parameters, and then employed
the spatiotemporal interpolation algorithm to fill the vacancy
values of these points, where the spatial interpolation window
is 3*3.

Then, in order to obtain the LST with physical signif-
icance, we applied formulas 1-2, where DN is the value
recorded in MYD11A2 product, the value of scale factor
and Offset is respectively 0.02 and 0, and T1 and T2
respectively represent the converted LST in Kelvin and in
Celsius, to convert the irradiation brightness into the real
LST. Finally, the converted temperature array is reprojected
into WGS84 coordinate system, and the annual average LST
and temperature range result in GeoTIFF format is quickly
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obtained after mosaicing, and cliping.

T1 = scalefactor ×DN + offset (1)
T2 = T1− 273.15 (2)

Fig. 1: Multi-source datas processing flow diagram

2.2. D-InSAR processing flow

Shown as table1, The two Sentinel-1A single look complex
(SLC) datas are applied to monitor the surface deformation,
and the images dated May 13, 2018 and June 18, 2018 are
used as the master and slave images of this paper respectively.

Table 1: Information of data used

Acq.Date swath polarization pass

Master 20180513 IW2 VV Ascending
Slave 20180618 IW2 VV Ascending

Moreover, the 90m SRTM DEM data released by NASA
is used as the external DEM data to eliminate the influence of
topographic factors in the interferometric phase diagram.

As shown in the figure 1 , we employed the dual-track D-
InSAR technique with the SRTMDEM data and the precision
orbit data, to extract the surface deformation of the above-
mentioned two Sentinel-1A SLC datas. And the D-InSAR
process is as follows:

(1) interferogram acquisition: By calculating the sapce-
time baseline, the quality of the interference pairs was eval-
uated after image pre-filtering and image registration. And
the terrain phase for differential interference processing was
simulated with assistance of the DEM data.

(a) entire QTP

(b) typical area

Fig. 2: Annual average LST distribution of entire QTP and
typical area

(2) interference phase filtering: There is often a lot of
phase noise in the original interferogram, which affects sub-
sequent works, so filteing is an inevitable task.

(3) phase unwraping: The minimum spanning tree method
was applied to unwrap the wrapped phase.

(4) extracting deformation: The spatial distribution of
deformation was extracted successfully after orbit refining,
geocoding.

3. RESULTS AND ANALYSIS

3.1. LST distribution results

From figure 2a which is the result of the annual average LST
distribution in the entire QTP by using MYD11A2 and shp
data[7], we can find the temperature in most parts of the QTP
are above −1◦C. In order to correctly embody the relation-
ship between surface deformation and temperature distribu-
tion, we selected a typical area that contains multiple temper-
ature types at the same time, as shown in Figure 2b. By com-
paring the composition proportion of the above two as shown
table 2, we knew ”low-temperature” like −8.5 ∼ −5◦C in
typical area had been significantly increased, and the propor-
tion of each temperature area is relatively balanced. Which
is helpful to analyze the relationship between unstable frozen
soil and surface temperature

3.2. Deformation results in typical area

The differential interferogram is shown in figure 3a, it can be
seen that most parts of typical area have obvious interference
fringes, which shows that the results of surface deformation
extracted from typical area are relatively reliable; figure 3b
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Table 2: Proportion of each type of temperature distribution

entire QTP typical area

>-1 78.3% 23.6%
-2∼-1 10.7% 27.8%
-4∼-2 6.4% 27.2%
-5∼-4 1.7% 9.4%

-6.5∼-5 1.3% 6.3%
-8.5∼-6.5 0.8% 2.9%
<-8.5 0.8% 2.8%

shows fringes are more clearly visible after removing the flat
ground effect and filtering. The above results embody good
interference effects, which lays a good foundation for further
deformation extraction.

(a) differential interferogram (b) phase filtering

Fig. 3: D-InSAR results in typical area

Figure 4 shows the statistical analysis results of surface
deformation values in typical area, and it illustrates the de-
formation is mainly weak deformation of −3cm ∼ 3cm in
typical area, although there are also areas with deformation
of more than 10cm, but its proportion is extremely low.

Figure 5 represent the distribution results of surface defor-
mation. From the area delineated in figures 5, we found that
compared with other areas, the proportion of severe land sur-
face deformation in this area is significantly higher, and the
surface deformation is mainly manifested as vertical surface
subsidence. That’s probably because the sampling time of the
master and slave images is May and June respectively, which
coincides with the warming of the climate and the increasing
of the LST. And The LST changes make the ice contained
in the soil of the delineated region be converted to water, re-

Fig. 4: Statistics results of deformation

Fig. 5: Land surface deformation distribution

Fig. 6: Annual average LST distribution

sulting in an increase in soil moisture content, which causes
subsidence.

3.3. Comparative analysis of deformation and LST dis-
tribution

Figures 6 and 7 represent the distribution results of annual
average LST and annual temperature range respectively.

Comparing the delineated region with other ones in Fig-
ure 5, 6, and 7, we found that the permafrost regions with
severe land surface deformation have relatively lower annual
average LST and larger annual temperature range. The lower
the annual average LST, the easier the water in the active layer
freezes in the cold season; simultaneously, the higher the an-
nual average LST range, the easier the frozen ice is melted
into water. The mutual transformation of ice and water causes
the ”soil body shrinkage” and ”soil body expansion”, which
in turn causes a large surface deformation. Either the higher
annual average LST cannot easily cause water to freeze or the
lower annual average temperature difference can rarely melt
ice, the conversion between ice and water will occur in other
areas, which will not generate great fluctuation.
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Fig. 7: Annual temperature range distribution

4. CONCLUSION

This paper discussed the temperature factors leading to frozen
soil instability, and explained the cause of permafrost instabil-
ity from the perspective of LST.

We first obtained the spatial distribution of the annual av-
erage LST and the annual LST range after filling the missing
values in the MYD11A2 LST data by using spatio-temporal
interpolation algorithm. Next, the SLC data of Sentinel-1A
were processed by the dual-orbit D-InSAR technique, and the
land surface deformation results of the typical area were ex-
tracted. Finally, we compared the distribution of land surface
deformation and LST, Findings show that permafrost regions
with lower average annual LST and larger annual temperature
range are more unstable and more prone to surface deforma-
tion. The lower annual average LST will easily freeze the wa-
ter of active layer in the cold season; meanwhile, the higher
annual average LST range will easily melt ice to water. The
interconversion between ice and water causes the shrinkage
and expansion of the soil, which deforms permafrost surface.
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