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As an important component of the global cryosphere, permafrost plays an important
role in global climate stability and environmental sustainability of inland areas.
Permafrost is also an important component of the global carbon pool, which can help
reduce greenhouse gas emissions and thus serve to curb climate change. In recent years,
scientific research has revealed that the continued degradation of permafrost not only
affects the global climate, but may also trigger catastrophic consequences, the most
alarming of which is the re-emergence of ancient viruses. Due to the continued
degradation of permafrost, these ancient viruses that have disappeared may be released,
posing a serious threat to human health. Therefore, we should enhance the protection of
permafrost to prevent the re—emergence of ancient viruses

Remote sensing technology is becoming increasingly indispensable in observing large
areas of permafrost to assess the effects of global climate change and to protect
important social frameworks. Using satellite and aerial photography, this technology
can provide important information about permafrost and its impact on the environment
and human activities. However, the usual remote sensing permafrost models have some
problems that need to be improved in terms of analysis scale, applicability range and
parameter accuracy.

Especially, the Top Temperature Of Permafrost (TTOP) permafrost model and Land
Surface Temperature (LST)-zero—curtain permafrost model, which have been applied more
in recent years, have some problems that must be improved in these aspects. For example,
the TTOP model should improve the overall resolution of the data, improve the accuracy
of the soil thermal conductivity, and reduce the error caused by the temperature
observation range, etc. And the LST-zero—curtain model needs to remove the influence of
vegetation and snow layer, and set the lower limit of temperature for curve change

To address these issues and the relevance of both models, in this study we propose
a new permafrost analysis model for more accurate permafrost assessment than the

traditional TTOP and LST-zero—curtain models. The new model’ s active permafrost layer



is temperature controlled by the LST and the TTOP. By using these two parameters, the
model provides an accurate and reliable picture of temperature changes in the permafrost
zone.

Because the water content of the soil must be taken into account when determining
the TTOP level for curve changes. Here, the soil thermal conductivity at the net water
content state is introduced to correct the soil thermal conductivity at the saturated
water content state in the original TTOP equation. After that, the corrected TTOP value
is used as the lower limit temperature of the new model, and the LST replaces the 2-10m
air temperature value as the upper limit temperature of the new model, and then the
lower and upper limit temperatures are used together to determine the temporal and
spatial extent of the occurrence of the zero—curtain effect in the subsurface. Then the
change of zero—curtain effect and the duration are used to analyze the existence of
permafrost and the change law of stability. This new approach to permafrost analysis is
referred to as the TTOP LST-zero—curtain (TLZ) permafrost model in this study.

In order to better apply, analyze, and validate the TLZ model, the most
representative region in permafrost research, the central-eastern part of the Qinghai-
Tibetan Plateau was selected as the study area for the TLZ model. There are not only a
lot of long—period satellite observations from National Aeronautics and Space
Administration (NASA) but also a variety of meteorological data from the China—
Meteorological-Data_service—Centre (CMDC) in the study area, which provides a rich data
guarantee for the smooth implementation of this study. After extensive data processing
and analysis required for the TLZ model, the permafrost changes, classification and
stability in the study area for the period 2012-2021 were evaluated and mapped according
to the principles of the TLZ model. The results of the analysis showed that the permafrost
in the study area showed an overall significant degradation trend in terms of stability
and continuity during the period 2012-2021, but the permafrost that continued to degrade
around 2018-2019 showed a certain degree of recovery, which we believe may be more
related to the increase in vegetation and rainfall in these two years

Later, to validate the results of the TLZ model, the Mean Anuual Ground Temperature
(MAGT) model was constructed using twice—daily ground temperature data from 27 CMDC
sites near the center of the study area, where daily average ground temperature data at
300, 60, 50, and 30 cm depths at each site were used to calculate daily average ground
temperatures at each of the 27 sites for the period 2012-2021. Afterwards, the MAGT
model results were compared with the TLZ model ground temperature estimates for
validation.

Here, the comparison of ground temperature at 300 cm depth was done to verify the
accuracy of TTOP values after adding the net moisture content soil thermal conductivity

factor, while the comparison of ground temperature at 60, 50, and 30 cm was done to



verify the accuracy of determining the zero—curtain effect in this study. The validation
results showed an average SE of 0.25 ° C, an average MAE of 0.27 ° C, and an average
RMSE of 0.19 ° C at different depths. Finally, the superiority of the TLZ model was
demonstrated by comparing the results with those of the TTOP and LST-zero—curtain models
in the traditional study.

The TLZ model not only identifies areas where large— and medium—scale permafrost
exists, but also allows for detailed small-scale stability analysis, periodic change
patterns, permafrost type conversion, and degradation predictions. These features of
the TLZ model offer significant advantages over traditional permafrost analysis methods
The TLZ model provides insight into permafrost conditions in a region and is expected
to be a useful tool for assessing the impact of climate change on permafrost in other
parts of the world. Such a detailed analytical model will help to better inform
permafrost management decisions in these regions. It also provides a new direction for
the development of multi-scale analytical models for permafrost with a high degree of
accuracy. Further research work will be conducted on LST and Ocm ground temperature

conversion, and removal of tall vegetation to better refine the TLZ model
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