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Abstract: The important effects of snow cover to ground thermal regime has received much attention of scholars during the past few 

decades. In the most of previous research, the effects were usually evaluated through the numerical models and many important results 

are found. However, less examples and insufficient data based on field measurements are available to show natural cases. In the present 

work, a typical case study in Mohe and Beijicun meteorological stations, which both are located in the most northern tip of China, is 

given to show the effects of snow cover on the ground thermal regime. The spatial (the ground profile) and time series analysis in the 

extremely snowy winter of 2012–2013 in Heilongjiang Province are also performed by contrast with those in the winter of 2011–2012 

based on the measured data collected by 63 meteorological stations. Our results illustrate the positive (warmer) effect of snow cover on 

the ground temperature (GT) on the daily basis, the highest difference between GT and daily mean air temperature (DGAT) is as high as 

32.35℃. Moreover, by the lag time analysis method it is found that the response time of GT from 0 cm to 20 cm ground depth to the 

alternate change of snow depth has 10 days lag, while at 40 cm depth the response of DGAT is not significant. This result is different 

from the previous research by modeling, in which the response depth of ground to the alteration of snow depth is far more than 40 cm. 
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1  Introduction 

The analysis of ground thermal regimes is of importance 
in many problems of scientific interest, e.g., climate 
modelling, agriculture and ecosystem studies and engi-
neering design in cold regions. In the northeastern 
China, especially in the most northern Heilongjiang 
Province, the ground temperature is a crucial factor in 
determining the spring-sowing time, and it is also the 
most important environmental factors controlling seed 
germination rates and timing (Alvarado and Bradford, 

2002). Since snow cover has low thermal conductivity 
and high albedo and emissivity, it has large impacts on 
the ground thermal regime, which has been widely rec-
ognized recent years (Cohen and Rind, 1991; Robinson 
et al., 1993; Groisman et al., 1994; Barry, 1996; Zhang 
et al., 1997; Ling and Zhang, 2003). The high surface 
albedo and emissivity of snow cause a reduction in the 
absorbed solar energy and an increase in the out-going 
long-wave radiation that result in the cooler snow sur-
face. The low thermal conductivity of snow insulates the 
ground, reducing the amount of cooling which occurs 



528 Chinese Geographical Science 2016 Vol. 26 No. 4 

during the cold season (Zhang et al., 1997; Sturm et al., 
1997; Liston et al., 2002; Taras et al., 2002; Bartlett et 
al., 2004). At the same time, snow has high latent heat 
of fusion which makes snowmelt being a heat sink. The 
overall impact of snow cover on the ground thermal re-
gime depends on the complex factors, which include 
timing, duration, accumulation, and melting processes 
of snow cover, density, structure, and thickness of snow 
cover and interactions of snow cover with micrometeo-
rological conditions, etc. (Zhang, 2005; Li et al., 2014). 
If the other environment conditions are almost similar, 
snow properties themselves (e.g., depth, density and 
timing) will have a significant impact on the ground 
temperature (Ling and Zhang, 2003; 2006; 2007).  

  Many studies have evaluated the influence of snow 
cover on ground thermal regime through the numerical 
models, e.g., Goodrich (1982) presented the results of a 
numerical study of the effects of snow cover on 
long-term, periodic, steady-state equilibrium ground 
temperatures. Ling and Zhang (2003) used a one-               
dimensional heat transfer model with phase change to 
analyze the impact of changes in the timing and duration 
of snow cover on the thermal regime of the active layer 
and permafrost in the Alaskan Arctic. In another paper, 
Ling and Zhang (2006) also reported that variations in 
tundra snow density can strongly affect the near-surface 
ground temperature and conductive heat flux in the 
northern Alaska. The effects of the different factors on 
ground thermal regime can be studied and discussed by 
adjusting the input parameters of models. However, less 
cases and insufficient data based on field measurements 
are available to verify the results of models and to show 
nature cases, particularly for agricultural regions. In ad-
dition, we also concern whether these findings apply to 
other sites, especially to the cold and agricultural re-
gions in China. 

In this study, a typical case in Mohe County, located 
in the most northern tip of China, is given firstly to 
show the effects of snow cover on the ground thermal 
regime. Mohe (abbreviated to MH) and Beijicun (ab-
breviated to BJC) are two comparable and close mete-
orological stations, which both are in Mohe County, 
their nature geography environment are almost the 
same, only the snow depth and timing are different. This 
gives us a chance to analyze ground temperature varia-
tions at different depth with different snow depth and 
timing in a nature state, not in control or by modeling. 

Based on the analysis in the above two stations, another 
typical case is discussed to indicate the effect of snow 
cover on the ground temperature. As we all know, the 
past 2012–2013 winter is an especially snowy winter in 
Northeast China, it is also the snowiest winter in 
Heilongjiang Province since the year 1961. At the same 
time, in the spring of 2013 due to the low ground tem-
perature and too wet soil, the spring-sowing time has to 
be postponed again and again, which has brought big 
threat for the crop growth and the food production. To 
illustrate the effect of snow cover, the ground thermal 
regime in this extreme snowy winter is compared with 
that in 2011–2012 winter in Heilongjiang Province 
based on the measured data collected by more than 60 
meteorological stations. The analysis results in this 
typical case study provide an additional insight to the 
hazard prediction and develop the more effective model.    

2  Materials and Methods 

2.1  Study area 
Heilongjiang Province (43°26′–53°34′N, 121°13′–135°06′E) 
has an area of 469 000 km2, and it is the northernmost 
province of China (Fig. 1). It borders the provinces of 
Inner Mongolia to the west, Jilin to the south and Russia 
on the Northeast. Heilongjiang Province is located be-
tween the temperate and the frigid zones with continen-
tal monsoon climate, the yearly average temperature of 
which is fluctuating from minus 4 to 4 degrees centi-
grade, and it is also the province with the longest win-
ters in China. Snow covers the ground as long as half a 
year from October to April.  

Mohe County (52°10′−53°33′N, 121°07′−124°20′E) 
is a county of Heilongjiang Province, China, and is the 
northernmost Chinese county (Fig. 1). Mohe County is 
one of the few locations in China with a subarctic cli-
mate, with long, severe winters, and short, warm sum-
mers. Winter begins in early to mid-October and lasts 
until late April, and temperatures then are normally the 
coldest nationwide. Average temperatures stay below 
freezing for a total of nearly seven months of the year, 
and the frost-free period is just short of 90 days; in addi-
tion, the diurnal temperature variation is large, averag-

ing 15.9℃ annually. The monthly 24-hour average tem-

perature ranges from −29.8℃ in January to 18.4℃ in 

July, with an annual mean of −4.29℃, so that the county 
is only a little south of the line of continuous perma-
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frost. Extreme temperatures have ranged from −52.3℃ 

to 39.3℃ (Gui et al., 2009). 

Beijicun, the northernmost Chinese settlement, at the 
latitude of 53°29'N known as the ′Arctic Village′ lies in 
Mohe County, on the Heilongjiang River, which forms 
the border with Russia′s Amur Oblast and Zabaykalsky 
Krai. 

2.2  Data  
The basic meteorological data used in this study are 
collected from 63 national meteorological stations in 
Heilongjiang Province, including snow depth, mean 
daily air temperature, ground temperature from 0 cm to 
40 cm during the winter of 2011−2012 and 2012−2013. 
The meteorological stations distribution is shown as 
black and grey points in Fig. 1. 

As mentioned above, firstly we will focus on the time 
series analysis of the snow depth and ground tempera-
ture at MH and BJC during the winter of 2011−2012. 
Therefore, these data are firstly shown in Fig. 2. The 
data show that the lowest air temperature are −37.42℃ 
and −37.63℃, respectively, at MH and BJC stations; the 
lowest ground temperature are MH: −17.36℃ and BJC: 
−15.93℃ both at 0 cm, they are much higher comparing 
with the lowest air temperature. The thickest snow depth 
is 16 cm appearing at MH meteorological station from 
8th to 11st, March 2012. Since two meteorological sta-
tions are close, the daily air temperature is the same ba-
sically, as shown in Fig. 2(a), but it is easy to see from 
Fig. 2(b) that snow depth in MH and BJC is very dif-
ferent, before 21st January, 2012 the snow depth in BJC 
is thicker and after that time it is deeper in MH. The 
same environment conditions and different snow depth 
give us a typical case to study the effect of the snow 
depth on the ground regime. The ground temperatures 
with different depth (0 cm, 5 cm, 10 cm, 15 cm, 20 cm, 
and 40 cm underground) in MH and BJC are also shown 
in Figs. 2(c)−2(d).   

2.3  Methodology 
2.3.1  Spline Mean 
To compare the different effect of the snow depth on the 
ground temperature, daily data will be used in this study. 
Daily air and ground temperature has more significant 
fluctuations at the neighboring days, which is not suit-
able for trends analysis and comparison. Enlightened by 
Intrinsic Mode Function (IMF, Huang et al., 1998), a 

spline mean method is used to smooth the daily tem-
perature data, and the processing procedure is as fol-
lows: firstly, to find the maximum and minimum points 
of the temperature series T(t) and three-order spline 
function to fit the maximum and minimum envelope of 
T(t), respectively; secondly, to obtain the average value, 
M(t), for every day from the maximum and minimum 
envelope curve. Here, M(t) is called as the spline mean 
of the original temperature series T(t). A simple example 
of spline mean is shown in Fig. 3. Unlike the method of 
multi-day mean which is usually used to smooth the 
data, the spline mean will not change the temporal reso-
lution.  
2.3.2  Lag time correlation analysis 
The previous research shows that there is an observable 
lag in the thermal response of a soil relative to changing 
air temperature due to the insulating of snow cover 
(Zhang, 2005; Mackiewicz, 2012). Here, the lag time is 
referred to the number of days from the first snowfall 
date to the occurrence of the maximum correlation coef-
ficient between DGAT and the difference between snow 
depth in MH and BJC. A lag correlation analysis is pro-
posed here as follows: 

 *
0 0

0
    arg max ( ( : ),      ( , )) s s

t d
t C DS t t DT t t t t

 
     (1) 

where t* is the lag time, and C(x, y) represents correla-
tion coefficient of vectors x and y. DS(t0 : ts) denotes the 
difference of snow depth from the first snowfall time t0 
to the date ts when snow melts away. Similarly, DT (t0 + 

 
Fig. 1  Geographic locations of Mohe County in Heilongjiang 
Province 
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Fig. 2  Meteorological conditions (a) daily air temperature; (b) snow depth; (c) and (d) 0 cm−40 cm ground temperature in Mohe and 
Beijicun during October, 2011−May, 2012. The horizontal coordinate is abbreviation of each month from October 2011 to May 2012 
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Fig. 3  An example for spline mean of a set of temperature data 
 

t, ts + t) represents the difference of ground temperature 
from the time t0 + t to ts + t, and t denotes the lag time. 
arg max C(t) is the set of values of t∈[0, d] for which 
C(t) attains its largest value, and d is the upper limit of 
the number of days, which is usually less than 30 days. 
The value of t* indicates the response time of ground 
temperature at different depth to the snow thickness and 
its variation at the different stations. The larger value of 
t*

 implies the longer response time, and vice versa. 
2.3.3  Difference between ground temperature and air 
temperature (DGAT)  
DGAT is usually used as an indicator to study the effect 
of snow cover on the ground temperature (Zhang et al., 
1997). It can remove the other influence factors and 
highlight the effect of snow cover on the underlying 
ground. The positive or negative DGAT means the 
warmer or cooler effect of snow cover. The spa-
tio-temporal comparison analysis of DGAT at MH, BJC 
meteorological stations and the whole Heilongjiang 
Province will be performed to reveal the effect of the 
alternation of snow depth on DGAT at the different 
depth. The correlation between DGAT and snow depth 
will be also demonstrated further.  

3  Results and Discussion  

3.1  Profile analysis results of DGAT 

From the snow data of October 2011 to May 2012 (Fig. 2(b)), 
we note that before 21st January, 2012 the snow depth is 

larger in BJC than MH, and it is converse after that time. 
To analyze the effect of the snow depth at two different 
phases, DGAT with the different depth at two stations 
are compared in Fig. 4. The mid-time of every phase, 
i.e., 3rd December, 2011 and 24th February, 2012, are 
chosen to show in these two figures. From them, it is 
easy to see that the case is different completely at two 
phases, when snow cover of BJC is thicker than that of 
MH at the first phase, DGAT with the depth from 0 cm 
to 40 cm at BJC are all larger than ones at MH, while at 
the second phase when snow cover is thicker in MH, 
DGAT with the different depth in MH are clearly higher 
than those in BJC. At the same time, all DGAT are lar-
ger than zero. These results mean that snow cover re-
sults in the warmer ground evidently at two stations at 
the time, and the thicker the snow cover, the higher the 
ground temperature.  

Mean and standard deviation of DGAT is calculated 
at the different underground depth (0 cm, 5 cm, 10 cm, 
15 cm, 20 cm, 40 cm) before and after 21st January, 
2012 when the snow depth start to change alternately at 
MH and BJC meteorological stations. The statistical 
results are listed in Table 1, and Fig. 5 shows the mean 
and half standard deviation for two cases. From the Ta-
ble and Figure, the average DGATs at all the depth at 
BJC are larger than that at MH before 21st January, 
2012 when snow is thicker at BJC, the case is just the 
reverse when snow is thicker at MH (after 21st January, 
2012). It should be noted that all the standard deviations 
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are very large and they increase with the underground 
depth. They even excess the difference of DGAT of two 
stations, which will result in DGAT fluctuating wildly 
and having no comparable trend on the daily scale. This 
is the reason that spline mean method will be used in the 

next temporal analysis of DGAT. At the same time, the 
difference of the average DGAT between MH and BJC is 
smaller after 21st January, 2012, as shown in Fig. 5(b), 
which is mainly resulted from air temperature rising and 
snow reducing and disappearing (Fig. 2). 

 

Fig. 4  Difference of ground temperature and air temperature (DGAT) with different ground depth at Mohe (MH) and Beijicun (BJC) 
meteorological stations at (a) 3rd December, 2011 (b) 24th February, 2012 
 
Table 1  Multi-day Mean ± standard deviation of DGAT ( ) at ℃ the different underground depth before and after 21st January, 2012 at 
MH and BJC meteorological stations 

Time Station 0 cm 5 cm 10 cm 15 cm 20 cm 40 cm 

MH 9.15±6.71 10.61±7.22 10.93±7.47 11.52±7.47 12.18±7.63 16.24±9.43 Before 
2012.1.21 BJC 11.60±7.91 12.70±8.44 13.28±8.59 13.87±8.61 14.51±8.74 16.99±9.33 

MH 7.05±5.23 6.86±6.77 6.65±7.43 6.87±7.63 7.05±8.03 9.28±9.90 After 
2012.1.21 BJC 6.62±5.21 6.54±6.62 6.51±7.21 6.56±7.61 6.71±8.01 7.80±9.49 

 

Fig. 5  Multi-day mean and standard deviation of DGAT from 0 cm to 40 cm underground (for brevity, only half standard deviations 
are shown) when snow is thicker (a) at Beijicun than Mohe (b) at Mohe than Beijicun before and after 21st, January 2012 

 
3.2  Temporal variations of DGAT  
The alternate change of the snow depth at MH and BJC 
could result in the increase or decrease of DGAT with 
time. Figure 6 shows the temporal variations of DGAT 
at 0 cm and 40 cm depth underground at two stations 
from 1st, October 2011 to 31st, May 2012. The highest 
DGAT is 32.35℃, which presented on 24th December, 
2012 at BJC station at 40 cm underground depth. The 
other DGATs with depth of 5 cm, 10 cm, 15 cm and 20 

cm are not shown in Fig. 6 due to their same changing 
trends as that with the depth of 0 cm. Note that DGAT 
data in Fig. 6 is processed using spline mean method 
mentioned above in order to obtain more obvious trends 
to compare the difference.  

For contrast, the snow depth of two stations is also 
shown in Fig. 6 using the minor vertical axis. Moreover, 
according to the alternate change of the snow depth in 
MH and BJC, the whole snow season is divided to four 
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time ranges, R1 to R4, as shown in Fig. 6. At the begin-
ning of R1, there is no snow on the ground, then the first 
snowfall came in both stations at 23rd, Oct. 2011, and 
the snow depth in MH is larger than that in BJC. At first, 
DGAT is higher in BJC than in MH with both depths of 
0 cm and 40 cm, and then DGAT in MH increases 
quickly to catch up or exceed slightly DGAT in BJC due 
to the first snow. In the range of R2, the snow depth in 
BJC is always thicker than that in MH. DGAT has the 
obvious response to snow cover at the depth of 0 cm, 
DGAT is also always higher in BJC than in MH. DGAT 
at the depth of 40 cm has no very clear response trends 
to the snow depth, DGAT of two stations increase alter-
nately, which is mostly due to the more underground 
depth. On the contrary, in the range of R3 DGAT at 40 
cm depth is more sensitive to the snow depth than that at 
0 cm depth, where snow is thicker in MH than that in 
BJC. This could have a lot to do with the higher DGAT 
history in BJC in R2, its response to the variations of 
snow depth has a lag time, which is also the study con-

tent of the next section. In the region of R4, as the 
weather turns warmer, snow begins to melt. Now, the air 
temperature has become the major factor that affect the 
ground thermal regime. Although there is a snow at 8th 
and 28th, April 2012, in BJC and MH, respectively, the 
effect of snow on DGAT is not very obvious.  

On the whole, DGAT of two stations varies accord-
ingly with alternate changes of the snow depth from the 
range of R1 to R4. Snow cover has the positive effect 
(warmer) on the ground temperature with the different 
depth from 0 cm to 40 cm during the snow season of 
2011−2012 winter in MH and BJC.  

3.3  Lag time response of ground temperature  
The snow depth on the ground may influence the rate of 
change in soil temperature. Due to the insulation of 
snow and the relatively heat capacity of the ground, a 
time lag exists necessarily between the alternation of 
snow depth and variations of DGAT. Here, the lag time 
will be extracted using lag correlation analysis method 

 

Fig. 6  Temporal series of difference between ground temperature and daily mean air temperature (DGAT) at the depth of (a) 0 cm, (b) 
40 cm from 1st, Oct. 2011 to 31st, May 2012. The snow depth in Mohe and Beijicun (Mohe SD and Beijicun SD) are also shown using 
the minor vertical axis. R1, R2, R3 and R4 represent different time ranges during which the snow is thicker or thinner uniformly in 
Mohe than that in Beijicun 
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proposed in this study. According to the Equation (1), a 
correlation analysis is performed for the difference of 
the snow depth and DGAT, and d is set to 30 days, 
which means the time lag is limited within about one 
month. Figure 7 shows the result of correlation coeffi-
cient as a function of lag time at six different under-
ground depth. From the figure, it is easy to see that the 
correlation coefficients at the depth from 0 cm to 20 cm 
are different obviously from those of 40 cm, most of 
them are larger than 0.55, but the correlation coeffi-
cients at 40 cm depth are all less than 0.50. We can con-
clude that on the daily basis the alternation of snow 
depth at MH and BJC has no significant effect on the 
alternate changes of the ground temperature at 40 cm 
depth. Table 2 shows the maximum correlation coeffi-
cients between the difference of snow depth and DGAT 
at the different underground depth and the correspond-
ing lag time. Evidently, the maximum correlation coef-
ficients from 0 cm to 20 cm appear simultaneously 
when the lag time is 10 days, and they are all above 
0.60. The whole correlation coefficients are all smaller 
at 40 cm depth, which means that the response of DGAT 
is not significant. This result is different from the previ-
ous research by modeling, in which the response depth 
of ground to the alteration of snow depth is far more 
than 40 cm (Ling and Zhang, 2007). This may be mainly 
due to the different ground properties and snow pa-
rameters in our study region from their model input. 

3.4  An example analysis during 2012−2013 winter 
2012−2013 winter is an especially snowy winter in 
Northeast China, both the average and the thickest snow 
depth of Heilongjiang Province hit a record high of 27.1 
cm and 50 cm, respectively, since the year 1961. At the 
same time, in the spring of 2013 the air temperature′s 

fluctuations and large amounts of snow melting resulted 
in the low ground temperature and too wet soil and the 
spring-sowing time has to be postponed seriously. Based 
on the above analysis method in Mohe and Beijicun 
meteorological stations, to illustrate the effect of snow 
cover on the ground thermal regime further, this extreme 
snowy winter is compared with a benchmark (the rela-
tive normal 2011−2012 winter) in Heilongjiang Prov-
ince based on the measured data collected by 63 mete-
orological stations.  

Generally, the seed is sown at a depth about 5 cm, 
therefore the ground temperature at the depth of 5 cm 
plays a significant role in deciding whether it is suitable 
for spring sowing. 5 cm ground temperature (GT) from 
1st, Oct. 2012 to 31st, May 2013 is chosen to compare 
with that during the same time period of 2012−2013, as 
shown in Fig. 8(a). In the meantime, the air temperature 
(AT) and DGAT are also given in Figs. 8(b)−8(c). The 
temporal (the whole time period) and spatial (all 63 sta-
tions) average AT and 5 cm GT are calculated and 
shown in Table 3. 

From Figs. 8(a)−8(b), it is easy to see that the air tem-
perature in two years is similarly same, but 5 cm ground 
temperature is very different, especially during the win-
tertime (see the region R1, 12th November to 15th 
March) when GT in 2012−2013 is always larger than that 
in 2011−2012. Similarly, during R1 region DGAT in 
2012−2013 is almost all larger than that in 2011−2012. 
This is clearly caused by the warmer effects of more 
snow on ground. From Table 3, during the whole time 
period the all-station average AT of 2012−2013 is lower 
(−6.62℃ < −4.97℃), but 5 cm average GT is reverse 
(0.33℃ > −1.83℃), which also fully demonstrates the 
positive (warmer) effects of snow cover on the ground 
thermal regime during the whole snow season.  

 
Fig. 7  Correlation coefficient between difference of snow depth and DGAT varies with lag time at the different ground depth 
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Table 2  Maximum correlation coefficient between difference of 
snow depth and DGAT and corresponding lag time at different 
ground depth 

 0 cm 5 cm 10 cm 15 cm 20 cm 40 cm

Lag time (day) 10 10 10 10 10 0 

Correlation coefficient 0.65 0.62 0.63 0.63 0.63 0.48

 
On the other hand, the time region R2 (8th to 26th 

April) is worthy of notice. In Figs. 8(a)− 8(b), GT and 
AT have the same trends, they both are lower in 
2012−2013 than 2011−2012.The lower GT in 2013 
than the same period of the normal year is one of the 
influence factor which results in the spring sowing is 
postponed. However, DGAT is higher in 2013 than that 
in 2012 in the region R2 of Fig. 8(c). To review the 
spatial distribution of GT and AT during this period, 
the multi-day average (from 8th to 26th April) 5 cm GT 
and AT anomalies of 2012−2013, which is calculated 
by the average of GT and AT during the same period in 
2011−2012 and 2012−013, are shown in Fig. 9. In 
space, the lower GT anomaly values (bigger solid 
points) mostly present in the south farmland regions 
without vegetation covering. The statistical result show 
that the average GT and AT are 3.59℃ and 5.36℃ 
lower during 8th to 26th April, 2013 than the same pe-
riod of 2012. However, the multi-day average DGAT is 
0.68℃, which indicates that GT keeps basically identi-
cal with AT. Therefore, the lower GT during this period 
resulted mainly from the lower AT, and it has little to 
do with the lag effect of snow according to the lag 
time (10 days) in the section 3.3 and the snow-free 
time on the ground (about 28th, March). At the same 
time, amounts of snow in winter melted into water in 
spring, which made the soil too wet (Zheng et al., 
2015). In addition, further research is needed to an-
swer whether the abnormal low AT in the spring of 
2013 is connection with the extremely much snow in 
winter of 2012−2013.   

4  Conclusions  

The importance of snow cover to ground thermal regime 
has received much attention during the past few dec-
ades. Many important research results are obtained by 
the previous studies based on modeling, but specific 
examples and validation data are lacking. In this study, 
two northeast meteorological stations in China, MH and 

BJC, are firstly chosen to perform a comparison study 
about the effect of snow cover on the GT. Because there 
is almost the same regional climate and geographic en-
vironment except for the alternate change of snow depth 
around two stations, the data can provide a very typical 
case study. On the other hand, 2012−2013 winter is ex-
tremely snowy in Northeast China, as a typical example, 
GT in this winter in Heilongjiang Province is compared 
with one in the normal winter of 2011−2012. Based on 
the analysis result, the higher GT in winter and the 
lower GT in spring of 2013 can be explained and under-
stood very well.       

To study the effect of snow depth on GT at the dif-
ferent depth, the DGAT is used as an indicator, which 
can eliminate the effect of the different air temperature. 
In the process of the two-station and all-station (63 
meteorological stations) comparison, the ground pro-
file and time series analysis is performed together. The 
obtained conclusions are as follows: 1) from the 
ground profile analysis, the alternate change of snow 
depth has important effects on GT. DGAT of the dif-
ferent depth at two meteorological stations change ac-
cordingly with the alternation of snow depth. The date 
(21st January, 2012) when snow begin to change alter-
natively is used as a time node, before that (there is 
thicker snow at BJC station), the average DGAT at the 
different depth are all higher at BJC than at MH. The 
case is just reverse after that node (thicker snow at 
MH), only the difference of DGAT at two stations be-
comes smaller, which is mainly resulted from the rising 
air temperature with it graduating into spring. On the 
whole, results of the profile analysis illustrate the posi-
tive (warmer) effect of snow depth on GT; 2) from the 
time series, the variation of DGAT at the depth of 0 cm 
and 40 cm with snow depth is analyzed. DGAT at 0 cm 
depth responses significantly to the snow depth: the 
larger difference of snow depth between MH and BJC, 
the more significant positive (warmer) effect. On the 
other hand, DGAT at 40 cm depth does not response 
significantly, but its change trends agree well with the 
snow depth after its alternation (when snow is thicker at 
MH), which has a lot to do with DGAT history at BJC, 
because of its small variation before DGAT is easy to 
transfer and response to the alternation of the snow 
depth. In all-station (63 meteorological stations) analy-
sis, during the whole time period the all-station average 
AT of 2012−2013 is lower than that of 2011−2012, but  
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Fig. 8  Average of (a) 5 cm underground temperature, (b) air temperature, and (c) DGAT at 63 meteorological stations everyday from 
1st Oct., 2012 to 31st May, 2013 in Heilongjiang province. R1 and R2 represent two time phases, 12th November to 15th March and 8th 
to 26th April 
 
Table 3  All-station average air temperature (AT) and 5 cm av-
erage ground temperature (GT) from 1st, October to 31st, May of 
2011−2012 and 2012−2013 

Time Average AT ( )℃  5 cm Average GT ( )℃  

2011−2012  −4.97 −1.83 

2012−2013 −6.62 0.33 

 
5 cm average GT of 2012−2013 is higher, which also 

fully demonstrates the positive (warmer) effects of snow 
cover on the ground thermal regime during the whole 
snow season. In addition, the low GT in the spring of 
2013 is considered to result mainly from the lower AT, 
while too much snow in winter melted into water in 
spring, which made the soil too wet. The two unfavor-
able factors result that the spring-sowing time is de-
layed. 
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Fig. 9  Multi-day average (a) 5 cm ground temperature anomaly and (b) air temperature anomaly for 63 meteorological stations during 
8th−26th, April 2013 
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In this study, two methods of data processing are 
proposed, which play a large role in the trend analysis 
and data mining. Firstly, on the daily basis, AT and GT 
fluctuate wildly and have no comparable trends, spline 
mean method can smooth the data and highlight the 
trend without loss of temporal resolution. Moreover, 
using the lag time analysis method we find that the re-
sponse time of DGAT to the alternate change of snow 
depth from 0 cm to 20 cm ground depth has 10 days lag, 
while at 40 cm depth the response of DGAT is not sig-
nificant, which agree with the conclusion obtained by 
temporal analysis. However, this result is different from 
the previous research by modeling, in which the re-
sponse depth of ground to the alteration of snow depth is 
far more than 40 cm .This can be attributed to the reason 
that ground properties and snow parameters in our study 
region are different from model input before. The next 
work involves designing the control experiment to ob-
tain more observation data at MH and BJC station and 
validating and developing models which adapt for the 
local environment. 

References 

Alvarado V, Bradford K J, 2002. A hydrothermal time model 
explains the cardinal temperatures for seed germination. Plant 
Cell Environment, 25: 1061–1069. doi: 10.1046/j.1365-3040. 
2002.00894.x 

Bartlett M G, Chapman D S, Harris R N, 2004. Snow and the 
ground temperature record of climate change. Journal of Geo-
physics Research, 109: F04008. doi: 10.1029/2004JF000224 

Barry R G, 1996. The parameterization of surface albedo for sea 
ice and its snow cover. Progress in Physical Geography, 
20(1): 63–79. doi: 10.1177/030913339602000104 

Cohen J, Rind D, 1991. The effect of snow cover on the climate. 
Journal of Climate, 4(7): 689–706. doi: 10.1175/1520-0442 
(1991)004< 0689 :TEOSCO>2.0.CO;2 

Goodrich L E, 1982. The influence of snow cover on the ground 
thermal regime. Canadian Geotechnical Journal, 19: 421–432. 
doi: 10.1139/t82-047 

Groisman P Y, Karl T R, Knight R W et al., 1994. Changes of 
snow cover, temperature, and radiative heat balance over the 
Northern Hemisphere. Journal of Climate, 7: 1633–1656. doi: 
10.1175/1520-0442(1994)007%3C1633:COSCTA%3E2.0.CO;2 

Gui Hanlin, Zhang Xiuhong, Wang Chunhua et al., 2009. Trends 
analysis of climate change in Mohe county in 50 years. Mod-
ernizing Agriculture, 6: 24–26. (in Chinese) 

Huang N E, Shen Z, Long S R et al., 1998. The empirical mode 
decomposition and the Hilbert spectrum for nonlinear and 
non-stationary time series analysis. Proceedings of the Royal 
Society A, 454: 903–995. doi: 10.1098/rspa.1998.0193 

Ling F, Zhang T J, 2003. Impact of the timing and duration of 
snow cover on the active layer and permafrost in the Alaskan 
Arctic. Permafrost Periglacial Process, 14: 141–150. doi: 
10.1002/ppp.445 

Ling F, Zhang T J, 2006. Sensitivity of ground thermal regime 
and surface energy fluxes to tundra snow density in northern 
Alaska. Cold Regions Science and Technology, 44: 121–130. 
doi: 10.1016/j.coldregions.2005.09.002 

Ling F, Zhang T J, 2007. Modeled impacts of changes in tundra 
snow thickness on ground thermal regime and heat flow to the 
atmosphere in Northernmost Alaska. Global and Planetary 
Change, 57: 235–246. doi: 10.1016/ j.gloplacha.2006.11.009 

Liston G E, Mcfadden J P, Sturm M et al., 2002. Modeled 
changes in arctic tundra snow, energy and moisture fluxes due 
to increased shrubs. Global Change Biology, 8: 17–32. doi: 
10.1046/j.1354-1013.2001.00416.x  

Li X F, Zhao K, Wu L L et al., 2014. Spatiotemporal analysis of 
snow depth inversion based on the FengYun-3B MicroWave 
Radiation Imager: a case study in Heilongjiang Province, 
China. Journal of Applied Remote Sensing, 8(1): 084682. doi: 
10.1117/1.JRS.8.084682 

Mackiewicz M C, 2012. A new approach to quantifying soil tem-
perature responses to changing air temperature and snow 
cover. Polar Science, 6: 226–236. doi: 10.1016/j.polar.2012. 
06.003 

Taras B, Sturm M, Liston G E, 2002. Snow-ground interface 
temperatures in the Kuparuk River basin, Arctic Alaska: meas-
urements and model. Journal of Hydrometeorology, 3: 
377–394. doi: 10.1175/1525-7541(2002)003<0377:SGITIT> 
2.0.CO;2 

Robinson D A, Dewey K F, Heim Jr. R R, 1993. Global snow 
monitoring: an update. Bulletin of American Meteorological 
Society, 74: 1557–1560. doi: 10.1175/1520-0477(1993)074< 
1689:GSCMAU>2.0.CO;2 

Sturm M, Holmgren J, Konig M et al., 1997. The thermal con-
ductivity of seasonal snow. Journal of Glaciology, 43(143): 
26–41. doi: 10.3198/1997JoG43-143-26-41 

Zhang T J, Osterkamp T E, Stamnes K, 1997. Effect of climate on 
the active layer and permafrost on the north slope of Alaskan, 
U.S.A.. Permafrost Periglacial Process, 8: 45–67. doi: 10. 
1002/(SICI)1099-1530(199701)8:1<45::AID-PPP240>3.0.CO;2-K 

Zhang T J, 2005. Influence of snow cover on the ground thermal 
regime: an overview. Reviews of Geophysics, 4(43): RG4002. 
doi: 10.1029/2004RG000157 

Zheng Xingming, Zhao Kai, Li Xiaofeng et al., 2015. Moisture 
derived from microwave remote sensing in Northeast China. 
Scientia Geographica Sinica, 35(3): 334–339. (in Chinese) 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


