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Abstract: The typically sparse or lacking distribution 
of meteorological stations in mountainous areas 
inadequately resolves temperature elevation 
variability. This study presented the diurnal and 
seasonal variations of the elevation gradient of air 
temperature in the northern flank of the western 
Qinling Mountain range, which has not been 
thoroughly evaluated. The measurements were 
conducted at 9 different elevations between 1710 and 
2500 m from August 2014 to August 2015 with HOBO 
Data loggers. The results showed that the annual 
temperature lapse rates (TLRs) for Tmean, Tmin and Tmax 
were 0.45°C/100m, 0.44°C/100m and 0.40°C/100m, 
respectively, which are substantially smaller than the 
often used value of 0.60°C/100m to 0.60°C/100m. 
The TLRs showed no obvious seasonal variations, 
except for the maximum temperature lapse rate,  

 
which was steeper in winter and shallower in spring. 
Additionally, the TLRs showed significant diurnal 
variations, with the steepest TLR in forenoon and the 
shallowest in early morning or late-afternoon, and the 
TLRs changed more severely during the daytime than 
night time. The accumulated temperature above 0°C, 
5°C and 10°C (AT0, AT5 and AT10) decreased at a 
lapse rate of 112.8°C days/100 m, 104.5°C days/100 m 
and 137.0°C days/100 m, respectively. The monthly 
and annual mean diurnal range of temperatures 
(MDRT and ADRT) demonstrated unimodal curves 
along the elevation gradients, while the annual range 
of temperature (ART) showed no significant elevation 
differences. Our results strongly suggest that the 
extrapolated regional TLR may not be a good 
representative for an individual mountainside, in 
particular, where there are only sparse meteorological 
stations at high elevations. 
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Introduction  

Mountains account for a large portion of the 
earth’s land surface, and mountain climate is an 
important component of the earth's climate system. 
Temperature is undoubtedly the most important 
aspect of mountain climates, and elevation seems 
to have the most distinguishing influence on 
mountain climates (Beniston 2006; Barry 2008). 
Temperature decreases with increasing elevation, 
which is widely known as the temperature lapse 
rate (TLR) and can be predicted from the first 
principal of earth’s atmosphere (Stone and Carlson 
1979; Fang and Yoda 1988). An accurate 
description of the temperature structure over 
mountain regions is crucial, as it determines the 
features, direction and speed of many natural 
processes (Chen et al. 1999; Archer 2004; Minder 
et al. 2010; Kattel et al. 2013). Mountainous 
regions are more sensitive to global climate change, 
the elevation-dependent climatic trends and its 
important implications on species range 
shifts(Pepin et al. 2015; Lenoir and Svenning 2015), 
especially the variation of seasonal and diurnal 
temperature range (STR and DTR) conclusively 
affect species elevation range size (Wu et al. 2013; 
Sheldon and Tewksbury 2014; Chan et al. 2016). 
All those need to develop climate monitoring along 
mountain transects that can control for regional 
heterogeneity (McGuire et al. 2012). However, 
precise, systematic and long-term in situ 
measurements on temperature are often 
unavailable, especially at high-elevated or 
uninhabited montane regions where there are 
difficulties in installing and maintaining 
meteorological instruments (Chiu et al. 2009; Chae 
et al. 2012).  

Due to difficulties in obtaining direct 
measurements, researchers are usually forced to 
extrapolate from lowland temperature records 
using an environmental TLR of 0.65°C/100m or 
0.60°C/100m (Prentice et al. 1992; Ngo-Duc et al. 
2005; Roe and O'Neal 2009). This value is a 
spatially global and temporally climatic average 
that is unsuitable as it may not represent the 

atmosphere in specific mountainous regions or in a 
particular season (Riddering and Queen 2006; 
Barry and Chorley 2009; Minder et al. 2010). 
Mountain temperature variability is complicated 
because it encompasses such a broad range of 
temporal and spatial scales (Lundquist and Cayan 
2007). Many studies based on meteorological 
stations records (Fang and Yoda 1988; Kattel et al. 
2013; Li et al. 2013; Chiu et al. 2014; Guo et al. 
2015; Kattel et al. 2015; Li et al. 2015) and 
observational studies (Tang and Fang 2006; 
Blandford et al. 2008; Chae et al. 2012) have 
reported that near-surface TLR shows significant 
spatiotemporal variability, which differs from 
region to region depending on the aspect of the 
slope, location relative to valleys and local climate 
setting. All of the above mentioned studies 
emphasized that the mean surface lapse rates differ 
appreciably from the often−used 0.60°C/100m – 
0.65°C/100m values. 

Although many studies based on the 
meteorological stations records have been carried 
out on the variability of the surface air temperature 
in mountain regions, most rely on meteorological 
stations located in the lower elevation range, where 
the number of weather stations may be insufficient 
for a complete cover of the altitude and spatial 
ranges (Rolland 2003; Barry 2008). This may 
produce biased results because of the scarce 
distribution in high elevation regions, where 
research is mostly focused. More complementary 
case studies are needed to bridge the gap between 
spatially dense, short-term observations and a 
sparse network of longer-term observations 
(Lundquist and Cayan 2007). This is certainly true 
in the high mountains of western China, where 
data collected by field instrumentation is still 
largely lacking. Compared to China's large 
mountainous area and scope, more attempts are 
needed to provide detailed transects. 

In this paper, we present a systematic 
arrangement over 800 m elevation ranges in the 
northern flank of the western Qinling mountain 
range. An inexpensive and convenient HOBO data 
logger (Onset, Cape Cod, MA, USA) was used to 
fulfill this purpose, which is often used by other 
researchers in mountain regions (Marshall et al. 
2007; Pepin et al. 2010; Chae et al. 2012). The 
objectives of this paper are: (1) to investigate the 
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diurnal and seasonal variability in temperature and 
its elevation gradient over this mountain area and 
(2) to explore the potential controlling factors of 
these variations. 

1    Materials and Methods 

1.1 Study Area 

The Qinling mountains range extends over 
1000 km in central China with an east-west 
direction, creating a large physical obstacle to 
advection. It is critical to the distribution of climate 
and life zones in the eastern part of China (Tang 
and Fang 2006). The study area is located in the 
watershed area of the mid-west Qinling Mountain 
range, where runoffs are divided southward into 
the Jialing river, then down to the Yangtze river, 
northward into the Qingjiang river and then to the 
Wei river, the largest tributary of the Yellow River. 
Geographically, the study area is between 34°10′N 
to 34°27′N in latitude and 106°55′E to 107°07′E in 
longitude, elevating from 1500 to 2500 m a.s.l., 
approximately 20 km from the Baoji city. The area 
has a climate with a warm and rainy summer 
extending through autumn and a cold and dry 
winter, influenced by both 
the East Asia and southwest 
monsoons and the inland 
continental climates. 
According to the nearby 
meteorological observatory 
Baoji station (107°4′48″ E, 
34°12′36″N, 612.4 m a.s.l., 
approximately 6 km from 
study area), the annual mean 
temperature (AMT) is 13.5°C 
and the annual mean 
precipitation (AMP) is 645.9 
mm (Figure 1). Along with 
the elevation gradient, the 
vertical vegetation zones 
distinctively change from 
coniferous and deciduous 
broadleaved mixed forest 
(Pinus tabulaeformis, 
Pinus armandii and 
Quercus aliena var. 
acuteserrata, 1600-1800 m), 

deciduous broadleaved forests (Quercus aliena 
var. acuteserrata forest, 1800-2000 m, and Betula 
albo-sinensis forest, 2200-2400 m), and 
coniferous forest (Abies fargesii, 2400-2500 m) to 
montane bamboo shrub (Fargesia nitida, >2500 
m)(Han et al. 2010; Tan 2011). 

1.2 Field instrumentation and data 
collection 

To obtain vertical temperature profiles, we 
installed 9 portable HOBO Pro v2 U23-002 data 
loggers (Onset, Cape Cod, MA, USA; with 
temperature range −40°C to 70°C, accuracy of 
±0.2°C and resolution of 0.02°C) along the 
montane slopes with an elevation interval of 
approximately 100 m from 1710 to 2500 m over the 
study area (Figure 1). To guarantee the accuracy of 
the data, the data loggers were checked in an ice 
water bath before and after measurement, which 
confirmed their stability and accuracy (deviation 
from zero ±0.2°C). To keep the ambient 
environment as constant as possible, all of the data 
loggers were installed in undisturbed mature 
forests, far from the forest edge. The data loggers 
were placed in plastic tubes fixed to the probe and 
were kept vertically downward, tightened on the 

Figure 1 Topography (elevation in m a.s.l.), geographical location, and ecological 
climate diagram of the study area.  
Notes: The ecological climate diagram illustrates the climate characteristic of a 
nearby meteorological observatory, the Baoji station. AMT: annual mean 
temperature; AMP: annual mean precipitation.  
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trunk 1.5 m above the ground with strong zips. All 
of the data loggers faced toward the northeast side 
of the trees to eliminate direct solar radiation. The 
geographic information, including the longitude, 
latitude and elevation, was also measured using 
GPS (GARMIN 62sc) and then checked against 1:10 
000 DEM maps. To obtain high resolution data, 
the records were regulated at intervals of 30 min. 
Therefore, the measurements started at 08:00 on 
12 August 2014 and ended at 15:30 on 30 August 
2015. We only used the data between 00:00 h on 16 
August 2014 and 23:30 h on 15 August 2015 (a 
whole year) for our analysis.  

As a supplementary data source, long-term 
regional meteorological records were obtained 
from the meteorological stations surrounding the 
study area according to the permission granted by 
the National Meteorological Information Center of 
China Meteorological Administration (www.nmic. 
gov.cn). To ensure that all of the meteorological 
stations were relevant, i.e., within 1° of each other, 
which was suggested by Rolland (2003) as the 
largest spatial extent over which the temperature 
vertical gradient should be expected to remain 
consistent, we used a buffer analysis in ArcGIS 10.2 
according to a 1⁄2°-radius search to select the 
potential meteorological stations around the study 
area. In total, 14 stations were selected, but only 12, 
which were located in the north face of Qinling 
mountain range, were used to estimate the regional 
climatic feature, to be consistent with the study 
area. These 12 stations were within a latitudinal 
range of 34.02° to 34.59°N and a longitudinal 
range of 106.09° to 107.53°E. We used 30 years of 
annual and monthly records covering the period of 
1981 to 2010 to derive the multiyear averages of 
Tmean, Tmax, and Tmin at each station. 

1.3 Data analyses 

To explore the diurnal and seasonal variability 
in temperature and the elevation gradient, the daily, 
monthly, seasonal and yearly temperatures were 
calculated. The daily mean, minimum and 
maximum temperatures (Tmean, Tmin and Tmax) were 
obtained from the observations in one day, and the 
daily mean temperature was averaged according to 
48 records (one record per 30 min). The daily 
values were aggregated to monthly averages, and 
the AMT was averaged arithmetically from 12 

months. The diurnal range of temperature (DRT) 
was the difference between the daily maximum and 
minimum temperatures, and the annual range of 
temperature (ART) was the difference between the 
warmest and coldest months. Meanwhile, we 
calculated three accumulated temperatures (AT0, 
AT5 and AT10) defined as the sum of temperatures 
for any period in which the daily mean temperature 
exceeded 0°C, 5°C and 10°C. To explore the diurnal 
variation of TLR, we also calculated the average 
temperature for each log point (48 per day) 
throughout the whole year, and so to each season. 
The four seasons in a year were divided into spring 
(March-May), summer (June-August), fall 
(September-November) and winter (December-
February). 

A linear regression was used to explore the 
temperature–elevation relationship due to scarcely 
any change in longitude and latitude among our 
observation plots. The coefficient of elevation in 
linear regression represented the TLR. To compare 
the present study with long-term regional 
observations, we also analyzed the relationships 
between the station-observed temperature and 
elevation as well as latitude and longitude by using 
multiple regressions (Fang and Yoda 1988; Kattel 
et al. 2013). Additionally, correlation analysis was 
applied to analyze the effects of climatic factors on 
the variation of TLRs. TLRs are usually negative 
because temperature decreases with increasing 
elevation. We used the terms ‘steeper’ and 
‘shallower’ to describe a more negative TLR slope, 
a less negative or even positive one (Pepin 2001).  

2    Results  

2.1 Annual Means  

Figure 2a shows the variation of the mean 
temperatures with increasing elevation in one year 
(from 16 of August 2014 to 15 of August 2015). The 
annual mean of Tmean, Tmin and Tmax all decreased 
linearly with increasing elevation. The annual 
means of Tmean, Tmin and Tmax were 7.3°C, 4.0°C and 
11.1°C, respectively, at 1710 m a.s.l. and declined to 
3.6°C, 0.7°C and 7.5°C at 2500 m a.s.l., respectively. 
The lapse rates of Tmean, Tmin and Tmax were 
0.45°C/100 m, 0.44°C/100 m and 0.40°C/100 m, 
respectively. The three annual TLRs were very 
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similar and close to each other, ranging from 
0.40°C/100 m to 0.45°C/100m and agreed well 
with 0.3°C/100 m–0.9°C/100 m reported by Fang 
and Yoda (1988). From our results, the TLR was 
apparently lower than the generally used value of 
0.65°C/100 m or 0.60°C /100 m, which further 
supported the conclusion that the generally used 
value of TLR is inappropriate in temperate 
mountain regions. Compared with other 
researchers’ results in Qinling Mountains, the 
TLRs in our research were shallower than that 
from Mt Taibai, where TLR was 0.50°C/100 m for 
AMT by Tang and Fang (2006) and 0.53°C/100 m 
for few days in summer by Fu et al. (1982). A 
widely accepted conclusion suggests that TLRs are 
shallower in humid conditions than that in dry 
areas (Pepin 2001). Our results are consistent with 
this conclusion, because the climate is humid in 
our study area than that in Mt Taibai. This can be 

evidenced from the adjacent weather station for the 
two locations, Baoji station (near to our study area, 
107.08°E, 34.21°N, 612.4 m a.s.l.) and the Meixian 
station (near to Mt Taibai, 107.44°E, 34.16°N, 517.6 
m a.s.l.), where the annual precipitation is 
645.9mm and 581.6mm, respectively. 

The accumulated temperature variation of 
AT0, AT5 and AT10 with increasing elevation 
consistently followed a similar pattern of 
temperature (Figure 2b). The AT0, AT5 and AT10 
were 2962.9°C, 2819.9°C and 2511.2°C days, 
respectively, at 1710 m a.s.l. and decreased to 
2079.4°C, 1922.6°C and 1436.2°C days, 
respectively, at 2500 m a.s.l.. The lapse rate of AT0, 
AT5 and AT10 were 112.8°C days/100 m, 104.5°C 
days/100 m and 137.0°C days/100 m, respectively. 

2.2 Seasonal changes in temperatures  

From the observations made during the study 
period (16 August 2014 to 15 August 2015), the 
monthly mean temperature (MMT) was highest in 
July and lowest in December for all of the 
elevations assessed in this area. The monthly mean 
of Tmean, Tmin and Tmax for July declined from 17.2°C, 
13.9°C and 21.7°C, respectively, at 1710 m a.s.l. to 
13.7°C, 10.2°C and 18.1°C at 2500 m a.s.l., 
respectively. The monthly mean of Tmean, Tmin and 
Tmax for December declined from -3.7°C, -7.1°C and 
0.2°C, respectively, at 1710 m a.s.l. to -7.5°C, -
10.8°C and -4.3°C at 2500 m a.s.l., respectively 
(Figure 3a, b, and c). At elevations of 1710 m, 2000 
m and 2300 m, a temperature inversion was 
observed which was defined as the existence of an 
inversion by the air temperature difference 
between the higher elevation and adjacent lower 
observation is greater than 0°C. The inversion 
frequency is the ratio of inversion occurrence in a 
certain period. At a lower elevation of 1710m to 
1800 m a.s.l., the inversion frequency was 38.6% 
(141 days) throughout the entire year, but more 
than 2/3 of them (27.4%, 100 days) were 
concentrated in the winter period from October to 
April. At the middle elevation of 2000 to 2200 m 
and 2300 to 2400 m a.s.l., the inversion frequency 
was 40.8% (149 days) and 36.2% (132 days), 
respectively, and smoothly distributed in all 
seasons (Figure 3d).  

The TLR for each month varied with different 
magnitudes throughout the year (Figure 4a). The 

Figure 2 Variations in (a) the annual mean of Tmean, 
Tmin and Tmax, (b) the accumulated temperature (AT) 
above 0°C, 5°C and 10°C in the northern flank of the 
western Qinling Mountain range. 
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seasonal cycle for the 2014–2015 study period 
showed different seasonal variations, and the TLRs 
of Tmean and Tmin did not demonstrate obvious 
seasonal changes (spring: 0.43; summer: 0.44; 
autumn: 0.45; and winter: 0.49 for Tmean, and 
spring: 0.43; summer: 0.41; autumn: 0.44; and 
winter: 0.47 for Tmin, respectively). For Tmax, the 
TLR was steeper in winter (0.51) but shallower in 
spring (0.29). Additionally, we found larger 
seasonal amplitudes for TLRs of Tmax than that for 
Tmean and Tmin, with a range of 0.38°C/100 m to 
 0.51 °C/100 m for Tmean, 0.35°C/100 m to 

0.50°C/100 m for Tmin and 0.22°C/100 m to 
0.53°C/100 m for Tmax, respectively. Steeper lapse 
rates for Tmean occurred in October with 
0.51°C/100m, and shallower lapse rates occurred 
in June with 0.38°C/100 m. For Tmin, the values of 
TLR ranged from 0.35°C/100 m in June to 
0.50°C/100 m in November or in January. The 
TLR of Tmax ranged from 0.22°C/100 m in May to 
0.53°C/100 m in October or in January. The 
determination the coefficient of R2 varied for Tmean, 
Tmax and Tmin. It seemed there was a stronger and 
more robust relationship between temperature and 

 

   
Figure 3 Temporal variations of (a) the daily mean, (b) minimum, (c) maximum air temperature at all elevation 
sites from 16 August 2014 to 15 August 2015, and (d) the seasonality of the inversion frequency for 1710-1800 m, 
2000-2200 m and 2300-2400 m a.s.l. intervals. 

 
Figure 4 Seasonal variations (a) of the Temperature Lapse Rate (°C/100 m) and squared coefficient (R2) from 
linear regression (b) for Tmean, Tmin and Tmax in the northern flank of the western Qinling Mountain range. 
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elevation for Tmean than for Tmax and Tmin. The 
values of R2 for Tmax varied significantly throughout 
the year, with lower values in spring and higher 
values in summer (Figure 4b).  

2.3 Diurnal changes in temperatures  

The average daily temperature variation 
characteristics at different elevations are shown in 
Figure 5a. The local time was presented in this 
paper. It is worth noting that the local time of the 
study area is 1 hour later than standard Beijing 
time. The overall trend of daily temperature 
variation was consistent, warming faster in the 
daytime and cooling slowly at night. The 
temperature reached its peak at 12:30-15:00 in the 
daytime, approximately one hour earlier in the 
high elevation (2500 m a.s.l., 12:30) than that in 
other lower elevations, except for the latest peak, 
which (15:00) occurred at an elevation of 2200 m 
a.s.l.. The daily lowest temperature was observed at 
4:30-5:30 in the early morning. The temperature 
inversion was also more frequent in the morning 
(5:00-7:00).  

The TLR showed significant diurnal changes 
during the day and was generally steepest in the 
forenoon and shallower in the early morning or 
late-afternoon, with also different diurnal 
variations in different seasons. Judging from the 
whole day, the TLR was steepest at forenoon 
(10:30 a.m.) and shallower in the afternoon (15:30 
p.m.) and morning (06:30 a.m.) over a yearly mean 
(Figure 5b). The largest amplitude of the daily TLR 
occurred in winter, from 0.38°C/100 m (15:30 p.m.) 
to 0.60°C/100 (11:00 a.m.), and the smallest 
amplitude occurred in autumn, from 0.38°C/100 m 
(15:30 p.m.) to 0.50°C/100 m (10:00 a.m.). The 
daily TLR in summer varied at almost the same 
amplitude as in autumn (from 0.38°C/100 m to 
0.51°C/100 m for summer and 0.38°C/100 m to 
0.50°C/100 m for autumn). For summer, the 
shallowest TLR occurred at 6:00 a.m. and steepest 
at 09:30 a.m.. For autumn, the shallowest TLR 
occurred at 15:30 a.m. and the steepest occurred at 
10:00 a.m. (Figure 5b). To quantify the daytime 
and nighttime differences of TLR, we determined 
the day and nighttime span according to the time of 
sunrise and sunset, and a Wilcoxon rank sum test 
(a nonparametric test for two independent 
populations) was performed. The results showed 

 

Figure 5 The mean diurnal variation at (a) different 
elevations and the diurnal variation (b) of the 
temperature lapse rates (°C/100 m) in the northern 
flank of the western Qinling Mountain range. Each log 
lapse rate was an average lapse rate of the same time for 
different dates from 16 of August 2014 to 15 of July 
2015. 

 

 
Figure 6 The histograms (bars denote the average TLR 
+1 standard deviation) of daytime and nighttime TLR 
(°C/100m) annually and for four seasons in the 
northern flank of the western Qinling Mountain range. 
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that the variation (SD) of TLR was larger in the 
daytime than that in nighttime in all four seasons 
(Figure 6), and the results showed that the TLR in 
daytime was significantly different from that in 
nighttime for summer and autumn (P<0.05). 

2.4 Diurnal and annual ranges of 
temperature 

The monthly diurnal range of temperatures 
(MDRT) demonstrated unimodal curves along the 
elevation gradients (Figure 7a), fluctuating 
between 5.8°C (2500 m a.s.l.) and 8.5°C (2400 m 
a.s.l.) for January and between 7.4°C (1800 m a.s.l.) 
and 9.0°C (2200 m a.s.l.) for July. The ADRT for 
the annual mean also showed a unimodal curve, 
fluctuating between 6.8°C (1710 m a.s.l.) and 8.7°C 

(2300 m a.s.l.) (Figure 7a). Seasonally, larger 
MDRTs were observed in winter and spring (from 
December to the next May), whereas the smaller 
MDRTs were observed in September (Figure 7b). 
The monthly mean temperature for the warmest 
and the coldest months (ART) exhibited no 
significant differences along the elevation gradients 
in the study area. 

3    Discussion 

3.1 Comparison between long-term 
observations and the measurements 

The most useful data to analyze the 
relationship between climate and topography is the 

          
Figure 7  Variation of the monthly diurnal range of temperatures (MDRT) at different elevation (a) and  the monthly 
variation of the average diurnal range of temperatures in the northern flank of the western Qinling Mountain 
range(b). 

 

 
Figure 8 Comparison between the annual mean temperature (AMT) (°C) measured by HOBO loggers and the 
extrapolated AMT (a); the seasonal variations of TLR (°C/100m) for Tmean, Tmin and Tmax using multiple regression 
against long-term observations (b). 
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long-term meteorological stations records. Here, 
we analyzed the relationship between station-
observed temperature and elevation as well as 
latitude and longitude by using a multiple 
regression. The results from the long-term 
observation TLR for the mean, max and min 
temperatures are, respectively, 0.568°C/100 m, 
0.427°C/100 m and 0.669°C/100 m significantly 
steeper than our short-term record (0.45°C/100 m, 
0.40°C/100 m, 0.44°C/100 m). By using these 
regional relationships, we compared the calculated 
AMTs from our observation sites with those 
extrapolated from the meteorological observatories 
(Figure 8a). In most elevation cases, our 
observations were higher than the extrapolated 
values. Does this mean that using the extrapolated 
regional TLR to estimate the temperature at high 
elevation might underestimate the actual local 
temperature? Meanwhile, the monthly TLR 
variation was quite different in our observations 
from the extrapolations derived from the 
observatory data and was steeper in summer and 
shallower in winter (Figure 8b). 

Therefore, the measurements with the smallest 
spatial scale of the HOBOs show a weaker 
correspondence with the surroundings. This may 
be due to different climates occurring at different 
elevation locations. The elevation ranges of those 
selected observatory stations (from 518.4 m to 
1665.7 m a.s.l.) for extrapolation are much lower 
than those of our measurements (from 1710 m to 
2500 m a.s.l.)(Li et al. 2015). Additionally, there 
may be some possible reasons for higher 
observations than the extrapolated values. Firstly, 
the present observed TLRs were shallower than 
long-term observations, resulting in higher values. 
Secondly, the Mass Elevation Effect (MEE) may 
have somewhat influence on reshaping the local 
temperature, because the heating produced by long 
wave radiation of the mountain surface (the main 
source of MEE) is more prevalent, then may 
produce higher temperature than the same 
elevation from interpolation (Han et al. 2011; Yao 
et al. 2015). This effect can explain well the higher 
distribution of tree lines and snowlines in huge 
mountains of the globe (Han et al. 2011; Zhao et al. 
2015). Finally, some other factors, such as climate 
variation, local topography, soil type, etc., may 
contribute to this difference. These results may 
also suggest that on the scale of a mountainside, 

the local factors remain important in addition to 
the regional air mass conditions. This may also 
highlight that the extrapolated TLR from the 
regional climate could not be a good representative 
of the TLR in a particular mountainside location, 
especially where the elevation is high and the 
surrounding meteorological stations are rare and 
sparsely distributed. The regional-scale results 
should be used with caution when studying 
features on more local scales (Minder et al. 2010).  

3.2 Potential factors controlling the 
seasonal change of TLRs 

The seasonal changes of TLR vary from 
normally steeper in summer due to the maximum 
dry convection and shallower in winter due to 
temperature inversions, as reported by many 
previous studies. However, a few studies showed 
other patterns of the seasonal changes of the TLR, 
such as a reversed pattern (steeper in winter and 
shallower in summer) in the Qinghai-Tibetan 
Plateau (Weng and Sun 1984; Guo et al. 2015; 
Kattel et al. 2015; Li et al. 2015), a bi-modal pattern 
from the southern slopes of the central Himalayas 
(Kattel et al. 2013), a pattern that was steeper in 
winter and shallower in late spring in an Alpine 
valley (Kirchner et al. 2013), a pattern that was 
steepest in spring in England (Harding 1978), or 
even no distinct seasonal change in some regions in 
China (Li et al. 2013), which contributed to their 
unique topography and the climate in the regions.  

Generally speaking, the TLR is shallower in 
humid or cooler atmospheric conditions and 
steeper under dryer or warmer conditions (Pepin 
2001; Blandford et al. 2008; Kattel et al. 2013). In 
our study, the TLR had no obvious seasonal 
variation; except for the maximum temperature 
lapse rate. Our results are different from the 
previous studies in some other mountain regions, 
as well as from Mt Taibai, which is likely due to the 
differences in local topography and climatic 
regimes. To explore the effects of climatic factors 
on the seasonal change of the monthly TLR, we 
analyzed the correlations between the TLR and 
precipitations (a proxy for humidity) as well as 
cloud cover (a proxy for radiation). The 
precipitation and cloud cover data were obtained 
from the closest meteorological observatory, the 
Baoji station (averaged over the period from 1980 
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to 2010, Figure 9), where the climate difference 
was neglected because of its short distance to the 
study area (approximately 6 km). We found that all 
of the estimated monthly values of TLRmean, TLRmax, 
and TLRmin decreased significantly with the 
increase of average cloud cover (r=-0.64, P=0.025 
for TLRmean; r=-0.81, P=0.001 for TLRmax; and r=-
0.66, P=0.02 for TLRmin). A weakly negative 
relationship between the TLR and monthly 
precipitation was also detected, though there was 
no statistical significance (r=-0.36, P=0.25 for 
TLRmean; r=-0.50, P=0.10 for TLRmax; r=-0.31, 
P=0.33 for TLRmin).  

This meant that both precipitation and cloud 
cover could influence the TLRs, and the latter was 
more prominent for TLRs, especially for TLRmax. 
The cloud cover is higher in spring and summer, 
leading to a significant reduction in insolation 
during the day (Bhutiyani et al. 2007), thereby 
reducing TLRmax in these seasons. Meanwhile, 
abundant rainfall in summer and early autumn 
increase the surface evapotranspiration, thus 
weakening the elevation-temperature relationship 
due to the air over high elevations potentially being 
warmed by the latent heat release associated with 
water vapor condensation. Thus, we conclude that 
the seasonal changes of the TLRs on this 
mountainside might result from a special 
combination of climatic factors, in particular those 
with humidity and radiation conditions.  

3.3 Potential Causes of the Diurnal 
variation 

The diurnal variation of TLR in our study was 
a fairly robust characteristic in all four seasons, 
with steeper lapse rates in the daytime and 
shallower lapse rates in the early morning or late-
afternoon (Figure 5b). This result is consistent with 
those of other studies, also with Mt Taibai (Tang 
and Fang 2006), although the magnitude of diurnal 
variation was different between regions and 
seasons (Bolstad et al. 1998; Rolland 2003; Minder 
et al. 2010; Qin et al. 2013). The diurnal differences 
of TLR might be due to the asymmetric effect of the 
solar radiation at different elevations (Li et al. 
2015). Air temperature at low elevations rises faster 
than that at high elevations when forced by the 
same increase of solar radiation due to the 
admixture with the surrounding atmosphere at 

high elevations (Barry 2008). That is, the air 
temperature at high elevation areas was less 
susceptible to surface heating than at low elevation 
during the day. Therefore, an increased radiation 
receipt and asymmetric heating encouraged steeper 
lapse rates in daytime than nighttime. In addition, 
the asymmetric radiation cooling effect at different 
elevations might cause the shallowest TLR to occur 
at 15:30 in some seasons because the cooling effect 
at high elevation areas was often faster than that at 
lower elevation areas due to more prevalent airflow.  

The ambient temperatures during the 
nighttime were less related to the absolute altitude, 
when the cool and dense air masses tend to fall to 
low valleys while the relatively warm air masses 
ascend upward to the slopes (Yoshino 1984; Pepin 
1994). This effect of lower TLRs at nighttime 
caused by nocturnal temperature inversions has 
already been discussed in several previous studies 
(Clements et al. 2003; Rolland 2003; Blandford  
et al. 2008). Moreover, the occurrence of the 
largest fluctuation amplitude of daily TLR in winter 
and the smallest in summer might be explained by 
the seasonal variation of cloud cover, which is 
lower in winter and higher in summer. The 
outgoing long wave radiation emitted under clear 
sky conditions in winter cooled the surface at night, 
enhancing the difference between the daytime and 
the nighttime TLRs. 

4     Conclusions 

Accurate estimate for elevation pattern of 
temperature in mountain areas is essential for 

 
Figure 9 Monthly means of cloud cover (solid black 
line) and precipitation (bars) at the Baoji station from 
1981 to 2010. 
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understanding their ecological process and 
response to climate change. Based on the HOBO 
dataloggers records collected over one year from 
August 2014 to August 2015 at 9 sites in the 
northern flank of the western Qinling mountain 
range, we examined and quantified the diurnal and 
seasonal variations of the elevation temperature 
gradient, which has not been thoroughly evaluated 
before. Conclusive results from our study could be 
drawn as follows: the annual TLRs for Tmean, Tmin 
and Tmax were 0.45°C/100 m, 0.44°C/100 m and 
0.40°C/100 m, respectively. The TLRs showed no 
obvious seasonal variations, except for the 
maximum temperature lapse rate, which was 
steeper in winter and shallower in spring. The 
TLRs showed a significant diurnal variation, and 
the TLRs changed more severely during the 
daytime than at nighttime. The characteristics of 
local TLR displayed a strong relationship with local 
climatic factors around this area, especially the 
seasonal changes of cloud cover. As stated above 
that the elevation pattern of temperature shows 
large spatiotemporal variation, our results may not 

be suitable for other mountainous regions of the 
world. The significance of our study, however, is in 
that the expedient assumption of TLR of 
0.60°C/100m -0.65°C/100m is a poor one, as well 
as in that our results may be conducive to 
developing a pattern of species elevation 
distribution in the Qinling mountain range. 
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