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Abstract. In order to study the periodicity variation and trend prediction of temperature in 
Yaoba Oasis, based on the temperature data from 1955 to 2012 of Barunbieli weather station, 
linear trend method, Mann-Kendall test and wavelet analysis were used to analyze the trend, 
mutation point and periodicity. The results showed that the temperature had a significantly 
warming trend nearly 60 years in Yaoba Oasis while there was one mutation point at 1986. The 
temperature had short periodicities of 4 and 9 years, so it would increase from 2016 to 2020 
that it was closely related to the background of the global climate warming trend. This paper 
not only provided a scientific basis of the future short-term temperature change for Yaoba 
Oasis but also provided a theoretical reference for the local agricultural production.  

1.General instructions  
Yaoba Oasis is located in Alxa Left Banner of Inner Mongolia Autonomous Region that it is the 
largest and earliest oasis. The climate problem has always been a common and serious problem Yaoba 
Oasis facing to. The periodicity characteristics of the temperature series and the development trend in 
the future can be roughly inferred from the climate of the rich and dry alternating regular pattern, this 
analysis for the local production and life has an important guiding significance. The temperature 
change is a non-stationary stochastic hydrological phenomenon and the series has many characteristics 
such as trend and periodicity[1]. Tao Jianhong et al[2] analyzed the temperature data nearly 40 years of 
114 meteorological stations in the northwest of China by using wavelet method. The results showed 
that the temperature in the northwest of China generally increased except Shaanxi. You Li et al[3] 
obtained that there was a significantly increasing temperature and the mutation occurred in 1986 by 
analyzing the temperature data nearly 46 years of 70 weather stations in Inner Mongolia using 
mutation test. Yan Jun et al[4] analyzed the characteristics of temperature change nearly 53 years in 
Alxa League, they found that the trend of temperature in this area was +0.393mm/10 years and the 
mutation time was between 1987 to 1988. 

Previous studies had focused on the basic characteristic analysis of the local temperature data but 
rarely studied its periodicity and trend. Therefore, based on the temperature data from 1955 to 2012 of 
Barunbieli Weather Station in Yaoba Oasis, linear trend method, Mann-Kendall test and wavelet 
analysis were used to analyze the mutation point, periodic evolution process and trend. It not only 
provided a scientific basis of the future short-term temperature change for Yaoba Oasis but also 
provided a theoretical reference for the local agricultural production. 
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2.Data sources and research methods 

2.1 Data sources 
Yaoba Oasis is located in the west of Helan Mountain bordering the Tengger Desert on the west side, 
covering an area of 81.2km2 and belonging to Barunbieli Town of Alxa Left Banner. The climate is 
characterized by: winter cold and summer hot, little rain and more drought. In this paper, according to 
the complete daily meteorological data from 1955 to 2012 of Barunbieli Weather Station (E:105° 
36'12.12"; N:38°30'25.74"; elevation:1295m) in Yaoba Oasis, the average annual precipitation is 
198.0mm while the average annual evaporation is 2394mm and the average annual temperature is 
8.21℃, so it belongs to the typical arid climate. 

2.2 Research methods 

2.2.1 Mann-Kendall test 
Non-parametric Mann-Kendall test method usually were used to test the mutation year and the long-
term trend of the temperature[5]. The test statistic Sk:  
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Where, X1, …, Xj=the time series. 
Define statistical variables UF and UB： 
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Setting up the significance level, if UF exceeds the critical line， then the time series has a 
significant trend. Using two curves of UF and UB can test the mutation year and trend of the 
temperature.  

2.2.2 Wavelet analysis 
Wavelet analysis had been widely used in testing temperature series in recent years[6]. In this paper, 
the Morlet wavelet transform was used to analyze the periodic evolution process of temperature. The 
discrete wavelet coefficient is： 
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Where, a=the scale factor; b=for the time factor. 
The wavelet variance function is the time integral of the square of the wavelet coefficients[7]. 

Wavelet variance can reflect the main periodicity and different oscillation time scales of the 
temperature. Discrete wavelet variance function is: 
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3.Results and analysis  
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3.1 Linear trend analysis of temperature 
According to the meteorological data from 1955 to 2012 of Barunbieli weather station[8], the average 
annual temperature was 8.21℃ while the lowest annual temperature was -31.4℃ in 1955 and the 
highest temperature was 38.4℃ in 2010. From figure 1(a), the temperature trend equation was 
y=0.0394x-69.934 and the tendency rate was +0.394mm/10years. In the past 60 years, the temperature 
had undulating increasing tendency and the average temperature increased about 1.11℃ in Yaoba 
Oasis. 

By statistical analysis of monthly average temperature data from 1955 to 2012, the result showed 
below in figure 1(b). Yaoba Oasis had four distinct seasons. The average spring temperature was 10.63℃ 
from March to May, the average summer temperature was 22.95℃ from June to August, the average 
autumn temperature was 7.83℃ from September to November and the average winter temperature was 
-7.49℃ from December to February. The highest average temperature was in July and the lowest 
average temperature was in January. 

 
(a) Curves of average annual temperature from 1955 to 2012 

 
(b) Curves of monthly average temperature from 1955 to 2012 

Figure 1. Curves of average annual temperature and monthly average temperature from 1955 to 2012 
in Yaoba Oasis 

3.2 Mann-Kendall test of temperature 
Mann-Kendall test was used to check the temperature series from 1955 to 2012 of Yaoba Oasis by 
using 0.05 significance level. It can be seen from figure 2 that there was a node between curve UF and 
UB, so the mutation occurred in 1986. The curve UF was more than 0 but not exceed the critical line, 
so the temperature increased non-significantly before 1989. The curve UF exceeding the critical line 
after 1990 indicated that the temperature significantly increased in Yaoba Oasis. 
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Figure 2. Curves of Mann-Kendall test of temperature 

3.3 Periodic evolution process of temperature 
The wavelet coefficient contour of temperature was shown in figure 3. As known from this table, there 
were three time scales of 17 to 30, 7 to 15 and 2 to 6 years of periodic evolution. It appeared one non-
global alternation of rich and dry in 17 to 30 time scale. The periodicity was chaotic before 1985 and 
the performance was more stable after 1985. The temperature decreased between1985 to 1995 and the 
oscillation center was 1990. The temperature increased between 2000 and 2010 and the oscillation 
center was 2005. It appeared six global alternation of rich and dry in 7 to 15 time scale. The negative 
phase contour was not completely closed after 2012, so the temperature would be continuously 
increasing in the next few years in this scale. There were fourteen global alternation of rich and dry in 
2 to 6 time scale. The periodicity was chaotic before 1975 and the performance was more stable after 
1975. 

 
Figure 3. Wavelet coefficients of temperature 

It can be seen from figure 4 that 9 years was the first main periodicity of the temperature series and 
the second main periodicity was 4 years while the oscillation intensity of the first main periodicity was 
much stronger than that of the second main periodicity. Two main periodicities controlled variation 
characteristics of the temperature from 1954 to 2012 in Yaoba Oasis. 
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Figure 4. Wavelet variance spectrum of temperature 

The first and second principal trends of the temperature series were plotted by wavelet variance test. 
From figure 5, it was shown that the temperature had experienced 6 alternation in the first main 
periodicity, so it was predicted that Yaoba Oasis would be in the temperature warming period from 
2016 to 2020. The temperature had experienced 14 alternation in the second main periodicity, the 
temperature was predicted to be in increasing period from 2017 to 2018 and in decreasing period from 
2019 to 2020. The oscillation intensity of the first main periodicity was much stronger than that of the 
second main periodicity, so Yaoba Oasis was more likely in the temperature warming period from 
2016 to 2020. 

 
Figure 5. The main periodicity trend of temperature 

4.Conclusions 
1. In the past 60 years, the average annual temperature was 8.21 ℃and increased about 1.11℃.The 
temperature had a undulating increasing trend and the tendency rate was +0.394mm/10years in Yaoba 
Oasis. 

2. The temperature had significantly increasing trend nearly 60 years in Yaoba Oasis while there 
was one mutation point at 1986. 

3. The temperature had short periodicities of 4 and 9 years, it would increase from 2016 to 2020 
that it was closely related to the background of the global climate warming trend. The shortcoming of 
this paper was that it could only predict the future short-term trend not predict long-term climate 
change by using wavelet analysis as a qualitative point of view. 

References  
[1] Wang Wensheng, Ding Jing, Jin Juliang. Stochastic Hydrology [M]. China Water Resources and 

Hydropower Press, 2008: 24-32. 
[2] Tao Jianhong, Wang Suitang, Wang Baojian. Characteristics of Air Temperature Anomalies in 

the Northwest of China [J], Arid Region, 2007, 04: 510-515. 



EPPCT 2018

IOP Conf. Series: Earth and Environmental Science 199 (2018) 022006

IOP Publishing

doi:10.1088/1755-1315/199/2/022006

6

[3] You Li, Dai Xingang, Qiu Haitao. Analysis of the Annual Mean Temperature Change in Inner 
Mongolia from 1961 to 2006 [J], Inner Mongolia Meteorology, 2010, 02: 3-5. 

[4] Yan Jun, You Li. Analysis of the Change of Mean Temperature and Precipitation in Inner 
Mongolia Alxa League from 1960 to 2012 [J]. Journal of Animal Husbandry and Veterinary 
Science, 2013, 09: 1-4. 

[5] Li Guodong, Tian Haifeng, Peng Jianfeng. Time Series Analysis of Shang Qiu Temperature 
Based on Wavelet and M-K Method [J]. Journal of Meteorology and Environment, 2013, 03: 
78-84. 

[6] Qin Li, Zhang Lifeng, Luo Kai. Wavelet Temperature Analysis of Taipei City in Recent 48 Years 
[J]. Meteorological and Environmental Sciences, 2010, 02: 59-62. 

[7] Wang Wensheng, Ding Jing, Li Yueqing. Hydrological Wavelet Analysis [M]. Chemical Industry 
Press, 2005: 115-141. 

[8] Chen Chao, Zhou Guangsheng. Characteristics of Air Temperature and Ground Temperature 
Variation in Alxa Left Banner in from 1961 to 2010 [J]. Natural Resource, 2014, 01: 91-103.  

[9] Wu Haomin, Ma Junnian, Xie Minxing. Analysis of the Characteristics and Tendency of 
Temperature Change Period in Li Shui City in Recent 58 Years [J]. Journal of Atmospheric 
Sciences Research and Application, 2011, 02: 34-40. 

[10] Li Hongying, Gao Zhenrong, Wang Sheng, Wang Haiyan. Analysis of Extreme Temperature 
Variation in Hexi Corridor in Recent 60 Years [J]. Arid Geography, 2015, 01: 1-9. 

[11] Xiang Tiejun, Zhai Yuan. Analysis of the Periodic Variation of Air Temperature and Its Mutation 
in Nan Chong City from 1961 to 2014 [J]. Chinese Agricultural Science Bulletin, 2015, 32: 
211-216. 

[12] Wang Xiuli, Jing Anhua, Yang Qifeng, Gao Xueqin. Analysis on the Change of Air Temperature 
in Cao County, Shan Dong from 1966 to 2015 [J], Anhui Agricultural Sciences, 2016, 18: 
162-163+234.

 


