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Abstract 
The climatic changes of annual precipitation, annual, seasonal, monthly and 
abrupt change of precipitation in Weishan County from 1957 to 2015 were 
calculated by using linear regression analysis, cumulative anomaly method 
and Morlet wavelet analysis. The results show that the annual, intertemporal, 
seasonal and monthly precipitation of different seasons shows a decreasing 
trend in different degrees. From 1960s to 1980s, the precipitation was de-
creasing, and the precipitation was decreasing from 1990s to 2010s. The an-
nual precipitation decreased with the trend of linear trend of −13.0 mm/10a. 
The annual precipitation changed in 1969, 1974, 2003 and 2009. The cycle of 
annual precipitation was mainly in 8 and 32. 
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1. Introduction 

With the rapid economic and social development, the study of climate change is 
very helpful to guide the industrial and agricultural production. In recent years, 
global climate change has attracted widespread attention; there are more and 
more people analyzing the current temperature, precipitation and other climate 
change [1]. Precipitation is the main source of surface fresh water. Only quite 
limited fresh water resource is available to human beings. Fresh water is particu-
larly close to human beings that is a renewable resource because of processes 
such as precipitation and evaporation. The global average precipitation cycle is 
short, about 11 days. However, uneven distribution of annual and interannual 
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precipitation in many areas often leads to the occurrence of drought and flood 
disasters. It is of great significance to explore the temporal and spatial variation 
of precipitation [2]. Large precipitation is closely related to national defense and 
socio-economic construction. Timely and appropriate precipitation can provide 
favorable conditions for the agricultural production, otherwise cannot [3]. Wei-
shan County is located in the south of Dali Prefecture, with north subtropical 
monsoon climate, and the precipitation distribution is uneven in seasons, which 
can make use of limited water resource. Drought in winter, spring and early 
summer is serious. Rainy season starts late. Based on the linear regression analy-
sis, cumulative anomaly method and Morlet wavelet method, the annual, seasonal 
and monthly precipitation characteristics of Weishan County are analyzed to re-
veal the regularity of multi-period-scale precipitation and climate abrupt change.  

2. Data and Methods 
2.1. Sources of Information 

The annual precipitation, seasonal and monthly precipitation datum of Weishan 
County from 1957 to 2015 was calculated. 

2.2. Research Methods 

Four seasons are divided into: Spring to May, Summer to August, Autumn to 
November, Winter to February the following year [4]. The change of interde-
cadal precipitation was studied by using the mean method for 10 years. Regres-
sion analysis was performed using a linear fitting method [5]. Cumulative ano-
maly method is used to analyze the year of abrupt change of annual precipitation 
and calculate the signal-to-noise ratio [6] of the transition year to test whether 
the transition year has reached the standard of abrupt climate change. Morlet 
wavelet analysis method [7] [8] was used to analyze the precipitation cycle varia-
tion over the past 59 years. 

3. Results and Analysis 
3.1. Analysis of Interdecadal Variation of Precipitation 

As can be seen from Table 1, the inter-decadal mean precipitation decreased 
from the 1990s to the 2010s. The inter-decadal average precipitation is the larg-
est in the 1990s and the smallest in the 2010s. 

3.2. Analysis of Interannual Variability of Precipitation 

The linear regression analysis of the annual precipitation from 1957 to 2015 
shows that the annual precipitation changes with the year number (Figure 1).  
 
Table 1. 1957-2015 Weishan County inter-decadal average precipitation (mm). 

Decade 1960s 1970s 1980s 1990s 2000s 2010s 

Precipitation 812.82 785.68 746.93 874.72 820.77 639.70 
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Figure 1. Annual precipitation in Weishan County from 1957 to 2015 (mm). 

 
We define a as one year. Wavy solid line for the annual precipitation, straight 
solid line for the average annual precipitation, dashed line for a linear regression 
line fitting trend line. 

The annual precipitation change tends to decrease. The trend of annual preci-
pitation is linearly −13.0 mm/10a. The average precipitation from 1957 to 2015 
was 794.4 mm. The precipitation in 1973 is the largest precipitation in history. 
The precipitation in 1960 is the smallest precipitation in history. The correlation 
coefficient between annual precipitation and annual year number is 0.15 during 
1957-2015, and F-test is not adopted. The result shows that the annual precipita-
tion is not significant with the decrease of the year number. 

3.3. Seasonal Variation of Precipitation 

Based on the linear regression analysis and correlation analysis of the monthly 
precipitation from 1957 to 2015, the mean value, linear trend and correlation 
coefficient of seasonal precipitation were obtained in Table 2. F-test Two-sam- 
ple ANOVA was conducted to determine whether the significance of P and the 
yearly ordinal number of groups P reached significance level α , α  = 0.05, to 
test the reliability of correlation coefficient. The unit of precipitation in mm. The 
unit of linear propensity is mm/a.r is the correlation coefficient. * indicates the 
significance of 0.05 through the F-test. 

In winter, summer and autumn, the linear trend of precipitation is negative, 
which indicates that the precipitation in winter, summer and autumn decreases 
with the number of years, and the decreasing trend of precipitation is summer > 
autumn > winter. The correlation coefficient of precipitation in summer, au-
tumn and winter did not pass the F-test with significance level of 0.05, which 
showed that the precipitation in summer, autumn and winter was not significant 
with the decrease of year number. The spring linear trend is positive, indicating 
that the spring precipitation increases with the year number. The correlation 
coefficient between the spring precipitation and the year serial number does not 
pass the F-test with the significance level of 0.05, indicating that the precipitation 
in spring is not significant with the increase of the year serial number. 
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3.4. Monthly Variation of Precipitation 

The Average Monthly Precipitation, Linear Tendency of Monthly Precipitation, 
Correlation Coefficient of Monthly Precipitation were showed in Table 3. The 
linear trend of the monthly precipitation was negative in February, June, July, 
August, October, November and December, indicating that their monthly preci-
pitation decreased with the year number. The correlation coefficient between 
precipitation and annual ordinal number in February and December has passed 
the F-test with the significance level of 0.05, which shows that the precipitation 
decreases with the year number in February and December is significant. In June, 
July, August, In October and November, the precipitation decreased with the 
year number was not significant. January, March, April, May and September 
were positive, indicating that their monthly precipitation increased with the year 
number. The correlation coefficient between January and April has passed the 
F-test with the significance level of 0.05, which shows that the precipitation in 
April is significantly increased with the year number. The precipitation in March, 
May and September is not significant with the year number. The increase of pre-
cipitation in January affects crop chilling injury. The increase of precipitation in 
March affects spring plowing. The increase of precipitation in April is good for 
agricultural production. The increase of precipitation in May affect the begin-
ning of the rainy season ahead of the spring crop. The increase of precipitation 
in September affects a longer rainy season in autumn. 
 
Table 2. Weishan County average precipitation, linear tendency, correlation coefficient. 

Season x  0a  r  
Winter 47.38814 −0.01572 −0.00895 

Spring 101.1746 0.710286 0.249052 

Summer 434.0305 −1.84305 −0.27705 

Autumn 211.7746 −0.18306 −0.03935 

 
Table 3. The average monthly precipitation, linear tendency, correlation coefficient. 

Month x  0a  r  

January 17.36779661 0.231929 0.201071* 

February 18.62413793 −0.10713 −0.11469* 

March 22.91186441 0.012864 0.009419 

April 22.61016949 0.233904 0.227724* 

May 55.65254237 0.463518 0.189916 

June 122.1423729 −1.14302 −0.29637 

July 161.2728814 −0.07394 −0.02375 

August 150.6152542 −0.62608 −0.18645 

September 101.3745763 0.061707 0.021194 

October 81.94915254 −0.10982 −0.03451 

November 28.94137931 −0.09332 −0.04858 

December 11.9137931 −0.10255 −0.11546* 
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3.5. Analysis of Abrupt Change in Precipitation 

Morlet wavelet analysis was used to analyze the periodicity of annual precipita-
tion from 1957 to 2015. The results shows that there is a long period of annual 
precipitation variation and short period of long period, indicating that the cli-
mate change of annual precipitation is formed by the superposition of different 
periods of shock. The phenomenon of abrupt climate change has became an 
important topic in climate change research. Climate change is a kind of discon-
tinuity phenomenon in climate change process. Common climate factors accu-
mulate anomaly curve to determine it. 

Equation (1) is 
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If the absolute value of the indicator reaches the maximum, the corresponding 
year is the mutation year. In order to test whether the transition to climate ab-
rupt change criteria, then calculate the SNR in corresponding transition year. 

Equation (2) is
 

a b

a b

X X
S N

S S

−
=

+
 

aX  and bX , aS  and bS , respectively, for the transition year before and 
after the two stages of the average and standard deviation of the elements, the 
provisions of 1S N > , the element can be considered in this year there is cli-
mate mutation, or mutation is not significant. 

Figure 2 shows the cumulative precipitation anomaly curve. The precipitation 
anomaly datum from 1957 to 2015 is substituted into Equation (1) according to 
the method described above. The cumulative anomaly values are calculated and 
the cumulative precipitation anomaly curve (Figure 2) from 1957 to 2015 are 
plotted. As can be seen from Figure 2, the cumulative annual precipitation 
anomalies appear in 1969, 1974, 2003 and 2009, and these four transitional years 
are annual precipitation turning from partial to partial. In order to test whether 
the above-mentioned transition year has reached the standard of abrupt climate 
change, according to formula Equation (2), calculate the signal-to-noise ratio 
corresponding to the year of transition, and take 10 years of study before and af-
ter the transition year, we found that the corresponding SNRs of precipitation in 
1969, 1974, 2003 and 2009 were 0.17, 0.33, 0.68 and 0.98. So the abrupt climate 
change was not significant and could only be used as the climatic transition year. 

3.6. Periodicity Analysis of Precipitation 

Figure 3 shows the time-frequency distribution of the square of the Morlet 
wavelet transform. We found that the signal intensity is different at different pe-
riod scales. The strongest period-scale signals occurred in the period of 2 - 6 
years, mainly occurred in 1965-1980; the period scale signal of 5 - 10 years was 
strong, mainly occurred in 1980-2015; 25 - 30a, 32 - 38a, 39a - 44a. The intensity 
of the signal on the period scale of 50a is weaker, and it is distributed over the 
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whole period scale from 1957 to 2015. 
Figure 4 shows the time-frequency distribution of the real part of Morlet 

wavelet transform, which indicates that the annual precipitation change has two 
aspects: the signal intensity and the phase, and the annual precipitation change is 
multi-period scale structure. As can be seen from Figure 4, the time-frequency 
distribution of the real part of Morlet wavelet transform is significant at the pe-
riod scale of 2 - 10, 18 - 23, 25 - 32, and weak on the period scale of 45 - 54 years. 
The time-frequency changes of the real part of the wavelet appear as positive and 
negative phases alternatively, and the denser time scales are 8, 18 and 32. 

Wavelet variance with periodic scale change process, known as wavelet va-
riance. Figure 5 can reflect the annual precipitation in the period series contains 
a variety of scales (Cycle) fluctuations and its strength (Energy intensity) with 
the period scale of the characteristics of change. Each peak corresponds to a sig-
nificant period. Therefore, it is possible to determine the main period scale (The 
main period) existing in a period series by the wavelet variance. As can seen 
from Figure 5, the peak of wavelet variance appears in the period scale a = 4, 8, 
18, 32, the peak is the wavelet a variance of scale a. The period scale of 8, 32 of 
the oscillation is more intense. 

 

 
Figure 2. The cumulative anomaly curve of annual precipitation from 1957 to 2015 
(mm). 
 

 
Figure 3. Time-frequency transformation of modulus square of wavelet transform. 
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As can be seen from Figure 6 that the real part of 8a-scale wavelet transform 
changes periodically with the year number. 1983 to 2015 amplitude than 1957 to 
1982 large. The results show that the real part of the wavelet transform is the 
positive peak. The real part of the wavelet transform is an increasing function in 
the first four years, and the real part of the wavelet transform in the last four 

 

 
Figure 4. The time-frequency distribution of wavelet real part. 

 

 
Figure 5. Wavelet transform variance. 

 

 
Figure 6. The process of 8a-period scale wavelet transform. 
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years is a decreasing function. The real part of the wavelet transform is the nega-
tive peak. The real part of the wavelet transform corresponding to the first four 
years of the year is a decreasing function, and the real part of the wavelet trans-
form is an increasing function in the last four years. 

As can be seen from Figure 7, the real part of the 30a-scale wavelet transform 
varies periodically with the year number.1957-1990 is the first cycle, 1990-2015 
is the second cycle. We found that, in the ideal case, the real part of the wavelet 
transform from 1957 to 1965, 1981 to 1997 and 2013 to 2015 increases with the 
number of years, ignoring the point where the real part of the wavelet transform 
is irregular. From 1966 to 1980 and 1998 to 2012, the real part of wavelet trans-
form decreases with the number of years. The large period of 1957 to 1990 of 
Figure 7 is superimposed by four small periods of 1957 to 1990 in Figure 6, and 
the large period of 1990 to 2015 is superimposed by four small cycles of 1990 to 
2015 in Figure 6. Indicating that there is an overlap of large and small periods of 
annual precipitation, and a small period exists in large cycle. The above-men- 
tioned rule can be used for medium and long-term climate prediction. 

4. Conclusions 

Based on the above analysis, the following conclusions can be drawn: 
1) The trend of annual precipitation is −13.0 mm/10a in 1957-2015, and the 

annual precipitation is not significant. The precipitation of the four seasons is 
not significant with the decrease of the year number. The precipitation of winter, 
summer and autumn decreased with the year number, and the relationship be-
tween them was summer > autumn > winter. The spring precipitation increases 
with the year number. 

2) In February, June, July, August, October, November and December preci-
pitation decreased with the number of years. Precipitation decreased with the 
year number in February and December, but the precipitation in June, July, Au-
gust, October and November did not significantly decrease with the year. The 
precipitation in January, March, April, May and September increased with the 
year number. The precipitation in April, April, May, September and September 
was not significant. 

 

 
Figure 7. The process of 32a-period scale wavelet transform. 
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3) The cumulative annual precipitation anomaly peak appeared in 1969, 1974, 
2003 and 2009; they did not pass the test of the signal to noise ratio test. It is 
considered that these years are to be the turning points of the annual precipita-
tion. Before the turning year, the annual precipitation was large. After the turn-
ing year, the annual precipitation was small. 

4) The annual precipitation is strong at the time scale of 2 - 6 years, mainly 
occurring in 1965-1980; 5 - 10 years period scale signal is strong, mainly occur-
ring in 1980-2015; 25 - 30a, 32 - 38a, 39a - 44a, and 45 - 50a, were distributed 
over the whole period scale from 1957 to 2015. 

5) There are obvious multi-scale periodic changes in the annual precipitation 
change, and its periodic variation is dominated by 8 years and 32 years. 

6) At the periodicity of the real part of the 8a-scale wavelet, the real part of 
1983-2015 is larger than that of 1957-1982. In the periodicity of the real part of 
the 32a-scale wavelet, 1957-1990 is for the first cycle, and 1990-2015 is for the 
second cycle. 
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