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Abstract: Relict permafrost presents an ideal opportunity to understand the impacts of 14 

climatic warming on the ground thermal regime since it is characterized by mean annual 15 

ground temperature close to 0 oC and relatively thin permafrost. The long-term and 16 

continuous observations of permafrost thermal state and climate background are of 17 

great importance to reveal the links between the energy balance on hourly to annual 18 

timescales, to evaluate the variations of permafrost thermal state over multi-annual 19 

periods and to validate the remote sensing dataset. Until now there are few data 20 

available in relict permafrost regions although those data are important to understand 21 

the impacts of climate changes on permafrost especially in the boundary regions 22 

between permafrost and seasonally frozen ground regions. In this study, we present 11 23 

years of meteorological and soil data in a relict permafrost site of the Mahan Mountain 24 

on the northeast of the Qinghai-Tibet Plateau. The meteorological data are comprised 25 

of air and ground surface temperature, relative humidity, wind speed and direction, 26 

shortwave and longwave downward and upward radiation, water vapor pressure, and 27 

precipitation on half-an-hour timescale. The active layer data include daily soil 28 

temperature and soil moisture at five different depths. The permafrost data consist of 29 

ground temperature at twenty different depths up to 28.4m. The high-quality and long-30 

term datasets are expected to serve as accurate forcing data in land surface models and 31 

evaluate remote-sensing products for a broader geoscientific community. The datasets 32 

are available from the National Tibetan Plateau/Third Pole Environment Data Center 33 

(https://doi.org/10.11888/Cryos.tpdc.271838, Wu and Xie, 2021). 34 

1 Introduction 35 

Permafrost is defined as ground that remains at or below 0 oC for at least two 36 

consecutive years (Van Everdingen, 1998). As a major component of the cryosphere, 37 

permafrost covers about 24 % of the terrestrial landscape (15 million km2) in the 38 

Northern Hemisphere (Brown et al., 1998; Zhang et al., 2000; Boike et al., 2019; Obu 39 

et al., 2019). The active layer, which is the top layer of ground subject to annual thawing 40 

and freezing in areas underlain by permafrost, plays an important role in cold regions 41 

because most ecological, hydrological, biogeochemical, and pedogenic activities take 42 
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place within it (Hinzman et al., 1991; Kane et al., 1991; Nelson et al., 2000). The 43 

thermal state of permafrost is sensitive to climatic warming. There are more and more 44 

evidences indicate that permafrost is warming at both global and regional scales (Harris 45 

et al., 2003; Cheng and Wu, 2007; Romanovsky et al., 2010; Zhao et al., 2010; Hjort et 46 

al., 2018; Biskaborn et al., 2019). Generally, the evidence of permafrost degradation 47 

includes rising mean annual ground temperature, deepening active layer thickness, talik 48 

and thermokarst development, and decreasing permafrost extent (Cheng and Wu, 2007). 49 

Permafrost degradation would affect local hydrology, ecosystem, infrastructure stability, 50 

and even feedback to the climate system (Nauta et al., 2015; Walvoord and Kurylyk, 51 

2016; Hjort et al., 2018).  52 

The relict permafrost is usually characterized with high-temperature sporadic 53 

permafrost, where the mean annual ground temperature of permafrost is close to 0 oC. 54 

The relict permafrost presents a favorable opportunity to compare the impacts of 55 

climatic warming on the permafrost and the seasonal frozen ground, as they have 56 

similar climate conditions (Mu et al., 2017). In addition, the different impacts of 57 

vegetation, terrain and organic matters in ground surface on the ground thermal regime 58 

could be figured out in the relict permafrost regions (Xie et al., 2013). The long-term 59 

and continuous observations of meteorological variables, active layer, and permafrost 60 

are of great importance to understand the impacts of climatic changes on ground 61 

thermal regime. It is critical to better understand the energy balance at the ground 62 

surface in order to enhance our understanding of the heat and moisture exchanges 63 

within the active layer and the permafrost layer. Furthermore, the data on atmospheric 64 

conditions and hydrothermal regime of the active layer are also of great significance 65 

for validating remote sensing dataset and land surface models in cold regions 66 

(Westermann et al., 2011; Park et al., 2016; Park et al., 2018; Che et al., 2019; Zhao et 67 

al., 2021). However, there are few data available for the relict permafrost regions, 68 

especially on the active layer and permafrost temperature data. As for the Qinghai-Tibet 69 

Plateau, the high-quality and long-term datasets of meteorological and permafrost data 70 

are relatively scarce especially in the relict permafrost regions on account of limited 71 

logistic support, expensive maintenance cost, and difficult living environments (Li et 72 
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al., 2020). It is of great importance to share the good data for addressing the challenges 73 

of climate change and its impacts on permafrost (Li et al., 2021). In this paper, the 74 

presented data include hourly meteorological variables, daily soil temperature and soil 75 

moisture, monthly permafrost temperature, and soil physical parameters from a relict 76 

permafrost site at the Mahan Mountain on the northeast of the Qinghai-Tibet Plateau. 77 

The Mahan Mountain relict permafrost observation site on the northeast of the 78 

Qinghai-Tibet Plateau had been established by the Cryosphere Research Station on the 79 

Qinghai-Tibet Plateau, the Northwest Institute of Eco-Environment and Resource, the 80 

Chinese Academy of Sciences since 2009. Before the establishment of this observation 81 

site, a small permafrost region was found in the fracture bedrock on the Mahan 82 

Mountain (Li et al., 1986). Researchers found that the permafrost on the Mahan 83 

Mountain is vulnerable to the climate warming based on borehole measurements (Li et 84 

al., 1993). The characteristics and persistence of relict high-altitude permafrost on the 85 

Mahan Mountain has been demonstrated by Xie et al. (2013). 86 

We present standard meteorological data, including air and ground surface 87 

temperature, relative humidity, water vapor pressure, wind speed and direction, 88 

shortwave downward and upward radiation, longwave downward and upward radiation, 89 

and precipitation. The data cover an 11-year span from January 1 2010 to December 31 90 

2020. In addition, field measurement for soil physical parameter at different depths of 91 

five sampling sites from October 2015 to August 2016 are also presented, including soil 92 

bulk density, soil gravimetric water content, and soil porosity.  93 

2 Data description 94 

2.1 Site description 95 

The Mahan Mountain permafrost site (35°44′N and 103°58′E, 3670 m a.s.l.) is 96 

located on the northeast Qinghai-Tibet Plateau, which is the peak of the Chinese Loess 97 

Plateau (Fig. 1) (Xie et al., 2013). Relict permafrost was discovered by Li (1986) in 98 

fractured bedrock on the Mahan Mountain and was considered as “living fossil” of 99 

permafrost on the Chinese Loess Plateau. From 1991 to 1993, Li et al. (1993) had 100 

drilled 12 boreholes across four transects to evaluate the occurrence of permafrost. 101 
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Among them, 6 boreholes had shown obvious evidences indicating permafrost 102 

occurrence. The permafrost mostly emerged in the moist depression regions where 103 

vegetation is well developed. The original permafrost area was approximately 0.16 km2, 104 

while the area of which reduced to 0.13 km2 recently. The mean annual ground 105 

temperature ranges from -0.2 to -0.3℃, which belongs to typical warm permafrost 106 

(Cheng and Wu, 2007). The permafrost thickness is about 5 - 40m, and the active layer 107 

thickness ranges from 1.0 to 1.5m (Li et al., 1993; Dong et al., 2013; Liu et al., 2015). 108 

The existence of abundant peat layer and ground ice can exert effective protective effect 109 

to the underlying permafrost. Thus, despite permafrost extent is very small, the 110 

permafrost would be not disappearing in the next 40 to 50 years by model prediction 111 

under current warming trends (Xie et al., 2013). 112 

 113 

Figure 1. Location (a), topographical map and observation site (b) of the Mahan Mountain relict 114 

permafrost region. Permafrost distribution data in China is derived from Zou et al. (2017) and Zhang 115 

et al. (2019), and the Environmental and Ecological Science Data Center for West China 116 

(http://westdc.westgis.ac.cn). The permafrost distribution of the Mahan Mountain is derived based 117 

on field survey. 118 

The climate condition on the Mahan Mountain is cold and sub-humid. Observed 119 

mean annual air temperature on the relict permafrost region is about -1.4℃ from 2010 120 

to 2020, and the duration of negative air temperature exceeds 200 days. Local ground 121 

surface is covered by the swamp meadow with around 90% coverage. The dominant 122 

plant types mainly include Kobresia humilis, K. pygmaea and K. capilifolia (Sun and 123 
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Zhao, 1995). Abundant hummocks are well-developed, which are influenced by high 124 

moisture content and frost heaving effect. Greater ecosystem respiration rate and soil 125 

carbon release occurred in the relict permafrost region in comparison with the Arctic 126 

permafrost region (Mu et al., 2017).   127 

2.2 Data description 128 

The Mahan Mountain meteorological and permafrost observation site were set up 129 

in 2009. The observation details was shown in Fig. 2 and Table 1. There is a regularly 130 

manual manintenance every one or two months, mainly including power system 131 

checking, sensor and field cleaning, and data collecting; In addition, due to the 132 

independent power energy from three solar panels, the meteorological data were 133 

continuous with high data quality. 134 

For the active layer soil temperature and moisture observations, there existed 135 

several blank gaps from from 2012 to 2014 owing storage battery broken. 136 

Subesequently, we solve these problems by installing new storage battery with larger 137 

capacity. Moreover, the permafost borehole suffered water penetration from 2012 to 138 

2016, which caused low quality permafrost temperature data, and we repaired it and 139 

manually measured the permafrost temperature at different depths since 2017. Related 140 

data introdution was as follows. 141 
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 142 

Figure 2. The setup of the meteorological and permafrost observation site in the Mahan Mountain. 143 

The meteorological monitoring parameters mainly includes: wind speed and direction, air humidity, 144 

radiation, ground surface temperature (GST) and precipitation (a); active layer soil profile and 145 

ground ice near permafrost table (b); soil profiles information of the permafrost borehole (c).  146 

2.2.1 Meteorological condition 147 

The meteorological station of the Mahan Mountain continues to observe a variety 148 

of meteorological variables from January 1, 2010 to December 31, 2020 (Table 1). All 149 

meteorological variables are monitored in 30-minutes interval (Fig. 2), and the 150 

monitoring data are recorded by a CR1000 data logger (Campbell Scientific, Inc.). 151 

Because the weather observation equipment is regularly maintained, most of the 152 

meteorological data have high quality and continuity with very limited missing data. 153 

The detailed description of each meteorological variable is as follows. 154 

Table 1. List of sensors, accuracy, measuring height and interval, and operation period for 155 
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meteorological variables at the Mahan Mountain. 156 

Variable Sensor Range Accuracy 

Sensor 

height 

Measuring 

interval 

Operation 

period 

Unit 

Shortwave radiation CM3, Kipp & Zonen, Netherlands 0 to 2000 W/m2 <5% 2m 30min 

Jan 2010 –

Dec 2020 

W/m2 

Longwave radiation CM3, Kipp & Zonen, Netherlands 0 to 2000 W/m2 <10% 2m 30min 

Jan 2010 –

Dec 2020 

W/m2 

Air temperature HMP45C,Vaisala Finland -40 to 60 ℃ 

±0.2-

0.5℃ 

2m, 4m 30min 

Jan 2010 –

Dec 2020 

℃ 

Relative humidity HMP45C,Vaisala Finland 0 to 100 % RH ±3% 2m, 4m 30min 

Jan 2010 –

Dec 2020 

% 

Wind speed/direction 014A, MetOne, USA 0 to 45 m/s 0.11m/s 2m 30min 

Jan 2010 –

Dec 2020 

m·s-1/ 

Deg 

Water vapor pressure HMP45C,Vaisala Finland - ±3% 2m, 4m 30min 

Jan 2010 –

Dec 2020 

hPa 

Precipitation T200B3 precipitation gauge 0 to 1000 mm 0.1% 1.6m 30min 

Jan 2010 –

Dec 2020 

mm 

Ground surface 

temperature 

IRR-P,Vaisala Finland -55 to +80 ℃ ± 0.3℃ 2m 30min 

Jan 2010 –

Dec 2020 

℃ 

https://doi.org/10.5194/essd-2021-429

O
pe

n
 A

cc
es

s  Earth System 

 Science 

Data
D

iscu
ssio

n
s

Preprint. Discussion started: 13 December 2021
c© Author(s) 2021. CC BY 4.0 License.



 

9 

 

 157 

Figure 3. Time series of meteorological variables from 2010 to 2020 at the Mahan Mountain, 158 

including air temperature (a), ground surface temperature (b), precipitation (c), shortwave radiation 159 

(d), longwave radiation (e), water vapor pressure (f), relative humidity (g), wind speed & direction 160 
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(h). 161 

Air and ground surface temperature 162 

Air temperature was measured by shielded HMP45C at heights of 2m and 4m 163 

above the ground surface. Such sensors were relatively stable and the data integrity 164 

reached to almost 100% with an accuracy of 0.2-0.5℃. During 2010-2020, the mean 165 

annual air temperature was ranging from -2.0°C to -0.7°C (Fig. 3a).  166 

The ground surface temperature (GST) was measured by the IRR-P at a height of 167 

2 m above the ground surface through non-contact infrared radiation. In the Mahan 168 

Mountain permafrost site, the GST was ranging from -33.2°C to 36.9°C. The lowest 169 

mean annual GST was -2.1°C occurred in 2012, while the highest one was -0.6°C in 170 

2016, and the 11-years mean GST was -1.4°C (Fig. 3b). 171 

Precipitation 172 

A Geonor T-200B precipitation gauge (1000 mm capacity) was installed at the 173 

height of 1.6m above ground surface. There is a vibrating-wire sensor within the gauge 174 

to measure the total weight of a collection bucket, and a single Alter shield around the 175 

gauge can guarantee higher catch ratio to some extent. In general, the accuracy and 176 

sensitivity of this gauge is 0.1% and 0.1mm, respectively. This gauge has been widely 177 

used to as the reference standard in the WMO Solid Precipitation Intercomparison 178 

Experiment (WMO-SPICE) (Nitu et al., 2018) and related precipitation 179 

intercomparison experiments (Zhao et al., 2021). Due to the influence of wind 180 

disturbance, wetting loss and evaporation loss, there exists some abnormal precipitation 181 

values. To guarantee the data quality, we have checked related records to decide whether 182 

a precipitation event occurring or not by combining with synchronous air temperature 183 

and ground surface temperature, shortwave radiation, and relative humidity data, and 184 

related data are also corrected according to the reference of Domine et al. (2021). 185 

Observed local mean annual precipitation was 318.6 ± 54.3 mm from 2010 to 186 

2020, the minimum and maximum annual precipitation occurred in 2015 and 2018 with 187 

258.3mm and 443.9mm, respectively, which also showed an increasing trend during 188 
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this period (Fig. 3c). In addition, approximate 80% annual precipitation concentrate in 189 

the period of May to September, but only no more than 5% precipitation occurs in 190 

winter. 191 

Radiation 192 

Upward/downward shortwave and longwave radiations were measured by the 193 

Kipp & Zonen CM3 radiometer. The spectrum range of the shortwave and longwave 194 

radiometers are from 0.3 m to 2.8 m and from 4.5 m to 42 m, respectively. In the 195 

Mahan Mountain, the downward shortwave radiation tended to reach its maximum in 196 

spring, followed by summer, and lowest in winter and autumn. Upward shortwave 197 

radiation also reached its maximum in spring, but the difference was that the downward 198 

shortwave radiation in summer is comparable to that of autumn and winter, or even 199 

lower, which mainly due to the cloudy and rainy weather in summer. The maximum 200 

values of upward/downward longwave radiation usually occurred in summer, followed 201 

by autumn, while the values in winter and spring tended to be lower, which shows 202 

similar patterns with the seasonal variations of ground surface temperature and air 203 

temperature. 204 

Relative humidity and water vapor pressure 205 

The relative humidity was measured by shielded HMP45C probes at heights of 2m 206 

and 4m above the ground surface. However, when in heavy rainfall or fog weather, the 207 

observed relative humidity might exceed its physical limits, i.e., 0-100%. In this case, 208 

the relative humidity was corrected to 100% instead (Fig. 3g). The variations of relative 209 

humidity were consistent with rainfall events and the variations of air temperature. 210 

The water vapor pressure was calculated from the relative humidity at heights of 211 

2m and 4m above the ground surface. Water vapor pressure generally reached its 212 

maximum in summer, followed by autumn, and lowest in spring and winter, which 213 

showed obvious seasonal variations (Fig. 3f). 214 

Wind speed and wind direction 215 
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The 014A MetOne wind speed and direction sensors were installed at a height of 216 

2m above the ground surface. The negative values for wind directions were replaced by 217 

6999. The wind speed and direction during 2010-2017 were continuous with high 218 

quality. Extensive data gaps emerged in the wind direction due to equipment problems 219 

after August 27, 2017. The wind speed data gradually became unavailable after 2019. 220 

The wind speed mainly stayed between 2 and 6 m/s (Fig. 3h). 221 

2.2.2 Active layer hydrothermal condition 222 

Soil temperature and soil moisture  223 

The underground soil temperature (ST) and volumetric water content (VWC) data 224 

in the active layer were monitored at five depths (-10cm, -30cm, -80cm, -100cm, -225 

120cm). The ST data were measured by 105T/109 thermistors (Campbell Scientific, 226 

USA) with an accuracy of ± 0.1℃. The VWC data were measured by the time-domain 227 

reflectometry (TDR-100, Campbell Scientific, USA) with an accuracy of ±3%. These 228 

sensors were all attached to a CR1000 data logger (Campbell Scientific, USA) at 30 229 

minutes intervals. We finally resampled the ST and VWC data into daily data. 230 

Table 2. List of sensors, accuracy, measuring height and interval, and operation period for soil 231 

temperature and soil moisture within the active layer at the Mahan Mountain satiation. 232 

To obtain high accurate data, the quality control was made by manually checking 233 

whether there were abnormal or missing data. For the ST data, the missing ST data 234 

accounted for 17.1% during the period of 2010-2020. The major ST data gaps were 235 

from 23 November 2013 to 21 September 2014. Besides, we checked the ST data based 236 

on the zero-curtain effect, assuming that the soil properties and water composition does 237 

Variable Sensor Range Accuracy Depth/cm 
Measuring 

interval 
Operation period Unit 

Soil 

temperature 
105T, Campbell 

-78 to 

+50 °C 
±0.1℃ 

-10, -30, -80, -100, 

-120 
30min 

Jan 2010 – Dec 

2020 
℃ 

Soil moisture 
TDR-100, 

Campbell 
0 to 100%   ±3% 

-10, -30, -80, -100, 

-120 
30min 

Jan 2010 – Dec 

2020 

m3m-

3 
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not change during 2010-2020. For the VWC data, the missing and abnormal data were 238 

approximately occupying 30.7% of the entire VWC data mainly from 2012 to 2014. If 239 

the VWC data was only missed in several hours within a day, we interpolated the 240 

missing data with proximity averaging method. In the case of missing data persist for a 241 

longer time, we filled them with 6999. Overall, all the missing or abnormal ST and 242 

VWC data were replaced as 6999. 243 

According to the ST profile (Fig. 4), the ST in the active layer shows a seasonal 244 

dynamic change. The thawing onset was generally in the middle of April, and the 245 

maximum thawing depth was reached in late September. The amplitude of ground 246 

temperature in the active layer decreased rapidly with increasing soil depths. The 247 

minimum and maximum values of ST data at depths of 10cm, 30cm, 80cm ,100cm and 248 

120cm were -8℃ and 9.8℃, -6.4℃ and 8.4℃, -3.1℃ and 3.5℃, -1.4℃ and 1.9℃, -249 

0.74℃ and 0.7℃, respectively. The mean annual ST in 2019 reached its maximum 250 

during 2010-2020. 251 

 252 

Figure 4. Active layer soil temperature profiles during 2010-2020 at the Mahan Mountain 253 

permafrost site. The blank gap stands for the major missing data from 21 March 2012 to 9 September 254 

2012, and from 23 November 2013 to 21 September 2014, respectively. 255 

As shown in Fig. 5, there were two higher VWC zones in the upper and lower part 256 

of active layer, which were located at around 0–40cm and 90–110cm depths, 257 

respectively, and a relatively lower VWC was in the middle part of active layer. In the 258 

thawing season, the VWC reached to around 0.7 m3 m-3 in upper and lower part of 259 

active layer, and was approximately 0.3 to 0.4 m3 m-3 in the middle part of active layer. 260 

In the freezing season, there were significant differences to thawing season, the VWC 261 
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in middle part of active layer was higher than that of the upper and lower part of active 262 

layer. Moreover, the VWC at 40–90cm depths exhibited a rapid increase in the freezing 263 

season since 2015, which could reach to 0.4 m3 m-3, and the VWC at around 120cm 264 

depth showed a rapid increase in freezing season since 2017, with a slightly lower VWC 265 

than that of the 40-90cm depths. 266 

 267 

Figure 5. Evolution of the soil moisture profiles from 2010 to 2020 at the Mahan Mountain 268 

permafrost site. The blank gap stands for the missing data from 1 January 2012 to 6 January 2015, 269 

from 27 August 2018 to 21 September 2018, from 12 September 2019 to 24 October 2019, and from 270 

25 September 2020 to 6 November 2020. 271 

Soil physical parameter 272 

From October 2015 to August 2016, field measurement for soil physical parameter 273 

data was carried out by test pit probing and sampling soils, including soil gravimetric 274 

water content, soil bulk density, and soil porosity. There are five sampling sites in total. 275 

Four sites (1#, 2#, 4# and 9#) located in the permafrost region, where the vegetation 276 

type is dominated by swamp meadow. Site 7# located in seasonally frozen ground 277 

region, where the vegetation type is mainly alpine meadow (Table 3). These data can 278 

be used to as the input parameters in relevant permafrost and land surface process model. 279 

Table 3 Information of field sampling site for soil physical parameters from October 2015 to August 280 

2016 at the Mahan Mountain. 281 

Sampling site Elevation (m) Vegetation type Frozen soil type 

1# 3576.4 Swamp meadow Permafrost 

2# 3576.9 Swamp meadow Permafrost 
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4# 3577.2 Swamp meadow Permafrost 

7# 3567.0 Alpine meadow Seasonally frozen ground 

9# 3578.7 Swamp meadow Permafrost 

Soil samples were obtained in each soil layer using a standard soil sampler (5 cm 282 

diameter and 5–cm–high stainless-steel cutting ring). The soil bulk density is estimated 283 

using the oven-dry method. Soil porosity is the ratio of nonsolid volume to the total 284 

volume of soil, which is calculated by soil bulk density and specific weight of soil (Zhao 285 

and Sheng, 2015; Indoria et al., 2020). As shown in Table 4, the soil bulk density and 286 

soil porosity in 4#, 7# and 9# sites present significant differences at different depths. 7# 287 

site that located in the seasonally frozen ground shows larger soil bulk density ranging 288 

from 0.66 to 1.27 g/cm3. As soil depth increases, the soil bulk density of 4# and 7# sites 289 

become larger. Soil porosity also show obvious differences among the three sites, 290 

whereas the shallow soil layers exhibit greater porosity than deep soil layers. Soil 291 

porosity of 4# site ranges from 69.7% to 85.5%, where the maximum values are found 292 

at depths of 0-40cm. 293 

Table 4 Soil bulk density and soil porosity within the active layer at different depths from Oct 2015 294 

to Aug 2016 at the Mahan Mountain. The location and information of sampling sites can be seen in 295 

Figure 1(b) and Table 3, respectively. 296 

Depth (cm) 

Soil bulk density (g/cm3) Soil porosity (%) 

4# 7# 9# 4# 7# 9# 

0-10 0.34 0.66 0.45 85.5 74.3 81.0 

10-20 0.56 0.92 0.53 76.0 65.4 76.9 

20-30 0.41 0.84 0.55 81.1 68.4 75.6 

30-40 0.37 1.03 0.56 84.5 61.8 74.5 

40-50 0.67 1.27 0.43 74.7 53.4 76.3 

50-60 0.82 null 0.46 69.7 null 83.9 

60-70 0.62 null 0.45 77.1 null 83.1 

Note: “null” stands for no samples. 297 

Moreover, gravimetric soil water content (GWC) was measured by using oven 298 
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drying method (Zhao and Sheng, 2015). The GWC is the ratio between the absolute 299 

weights of wet and dry soil samples, which can be measured after drying 24h at 105℃. 300 

The GWC at five sites show similar profile features. Overall, the GWC gradually 301 

decrease with increasing soil depths (Fig. 6). The GWC in the four permafrost sites (1#, 302 

2#, 4#, and 9#) shows similar patterns in depths with their values ranging from 15% to 303 

250%. The GWC in the seasonal frozen ground site (#7) is only 18.5%-77.4%, which 304 

is smaller compared to the four permafrost sites (Fig. 6d). In addition, GWC also 305 

presents some monthly differences, such as larger values tend to occur in June and July 306 

in the layers of 10-40 cm, which may be caused by abundant precipitation and thawing 307 

processes during this period. 308 

 309 

Figure 6. Soil gravimetric water content at five sampling sites (1#, 2#, 4#, 7#, and 9#) from Oct. 310 

2015 to Aug. 2016 at the Mahan Mountain. The location and information of sampling sites can be 311 

seen in Figure 1(b) and Table 3, respectively. 312 

2.2.3 Permafrost temperature 313 

In August 2008, a borehole with a depth of 28.5 m was drilled to monitor the 314 

permafrost temperature. Twenty thermistors were installed at different depths in the 315 

borehole (0.1, 0.4, 0.9, 1.4, 1.9, 2.4, 3.4, 6.4, 7.4, 9.4, 11.4, 13.4, 15.4, 17.4, 19.4, 21.4, 316 

23.4, 25.4, 27.4 and 28.4 m). Thermistor probes made by the Chinese State Key 317 

Laboratory of Frozen Soil Engineering at Lanzhou were used to measure the ground 318 

temperature. These thermistor probes have a sensitivity of ± 0.05°C in the lab (Cheng 319 
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and Wu, 2007). From May 2009, permafrost temperature data for each half-hour was 320 

automatically recorded by the datalogger (CR1000, Campbell Scientific, USA). No 321 

data was recorded from 2012 to 2016 due to water penetration into borehole. Since 322 

2017, a digital multimeter was used to manually measure the permafrost temperature at 323 

13 layers (3, 4, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 and 25m) for 2-4 times each month. 324 

The quality control is carried out to check whether the data is missing or invalid, which 325 

is replaced by 6999 as nodata. The ground temperature is then resampled to monthly 326 

data. 327 

The records showed that the permafrost temperature at all depths below 2.0 m was 328 

mostly negative all year round. The location of of permafrost base in this site exceeded 329 

the drilling depth (28.5 m). The soil temperature in the permafrost layer shows 330 

minimum values of around -0.2°C at depths of 10m to 16 m, close to -0.1°C at depths 331 

-2.4m to -27.4m, and increased upwards and downwards with a temperature gradient 332 

of ± 0.01°C/m (Fig. 7).  333 

 334 

Figure 7. Ground temperature envelopes in the permafrost borehole drilled in 2010 at the Mahan 335 

Mountain. 336 

3 Data availability 337 
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The dataset has been available and can be freely download from the National 338 

Tibetan Plateau/Third Pole Environment Data Center 339 

(https://data.tpdc.ac.cn/en/disallow/c0a65170-d7cc-4a10-b3fd-39f813cd1387/, 340 

https://doi.org/10.11888/Cryos.tpdc.271838, Wu and Xie, 2021). 341 

4. Conclusions 342 

Mahan Mountain is a relict permafrost site on the northeast of Qinghai-Tibet 343 

Plateau where meteorological and active layer hydrothermal data are automatically 344 

acquired and the ground temperature data are manually recorded. This site is dedicated 345 

to studies of atmosphere-ground surface interactions and permafrost changes. An 11-346 

year time series of meteorological, active layer and permafrost data is provided. These 347 

high-quality and long-term observation data have been already used to assess the 348 

permafrost model and to project the permafrost changes in the future (Xie et al., 2013). 349 

The objective of releasing these data is to improve and validate the permafrost models 350 

and land surface models, which confront great difficulties in modelling mountain 351 

permafrost dynamics. 352 
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